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The activities of an increasingly technological society call for greater
command of science and mathematics at the precollege level than at any
time in the recent past. Yet evidence from numerous studies indicates
that the majority of American students are not being equipped with the
scientific and mathematical tools needed to participate in that technological
society. International comparisons of secondary students' achievement show
Americans generally ranking in the lowest half of the distribution among
their counterparts in developed countries. There has also been increasing
concern about shortages of qualified individuals who will teach science and
mathematics at the elementary or secondary levels. Studies po;nt to an
increased demand for science a9d mathematics teachers and as well as an
inadequate supply of highly qualified individuals to fill those positions.

lb what extent is there a shoitage, in terms of both quantity and
quality, of science and mathematics teachers? National data and research
related to teacher supply and demand in science and mathematics are
hauffident to substantiate statistical conclusions or to prescribe specific
national policies.

Concerns about shortages in these critical areas and about the quality of
the available statistics led the National Science Foundation and the National
Center for Education Statistics of the U.S. Department of Education to ask
the National Research Council to evaluate the statistics on the supply and
demand for science and mathematics teachers.

In 1986 the National Research Council established the Panel on Statis-
tics on Supply and Demand for Precollege Science and Mathematics Mach-
ers to conduct such a study, in two phases. In the first phase the pand
reviewed teacher supply and demand mode :. in selected states and the
national model used by The National Center for Education Statistics. The



2 PRECOLLEGE SCIENCE AND MATHEMATICS TEACHERS

tentative conclusion of the panel was that none of the available models or
data were adequate to assess either shortage or quality. The principal diffi-
culty, as seen by the panel, was on the supply side of the models, although
there were also serious shortcomings in important aspects of the demand
side. We recommended in the interim report (1937c:7) that re.;earch on
teacher supply be conducted, foremost on the behavioral determinants of
key groups of new entrantsnew graduates, former teachers, and persons
hired on emergency certification. The forces underlying teacher migration
were a second issue of behavioral revarch. Also in need of study were
the behavioral and environmental factors influencing attrition. The panel
also identified information on teacher qualifications that could be collected
for use in descriptive profiles and in supply and demand models. The first
phase culminated in the 1987 interim report, Toward Understanding Teacher
Supply and Dentand: Priorities for Research and Development (National
Reszarch Council, 1987c).

In its second phase of work the panel continued with a more detailed
investigation of statistics and models of the supply and demand for science
and mathematics teachers. Case studies were conducted in 39 school dis-
tricts to identify variables that might usefully be included in such statistics.
The statistical basis for describing entry and exit patterns of science and
mathematics teachetz was examined. A conference of personnel directors
of seven large school systems was held in May 1988 to discuss data available
relating to the supply, demand, and qualifications of science and mathe-
matics teachers. The panel also conducted a comprehensive review of state
statistical data pertinent to teacher supply and demand models and the
availability of such data to researchers.

As indicated in the panel's final report, there is great diversity in labor
market situations and in the actions taken by applicants and school sygems
to balance supply and demand. Some of these important interactions, while
not easily portrayed statistically, are essential to understanding the nation's
supply and demand situation as it affects science and mathematics at the
precollege level. The recommendations in Chapter 6 of the report reflect
the insights gleaned throughout the second phase of the panel's work. In
this report, we go beyond the panel's interim report and tty to provide a
more specific assessment both of the available data and of data that could
potentially be obtained that would enrich existing models. We also try
to provide better insights into the relaticnship between quality and issues
relating to supply and demand.

In this report the panel has evaluated the statistics on supply, demand,
and quality as they pertain to sciencc and mathematics teachers. We
conclude that available data on the supply aspects of teacher labor markets
and on the quality-related adjustments that bring supply and demand into
equilibrium remain inadequate, although we recognize that the National

.14



SUMMARY 3

Center for Education Statistics has taken major steps toward an improved
national data base.

This summary presents the recommendations to have the highe.,t pri-
ority. Most of the recommendations pertaining to improved data are
addressed to the National Center for Education Statistics (NCES). Recom-
mendations related to further research topics are addressed to the National
Science Foundation (NSF) and the education research community at large.
A recommendation for research facilitation is directed to the Department
of Education's Office of Educational Research and Improvement, and our
final recommendation calls for NCES to convene a series of conferences
on issues of teacher supply, demand, and quality.

PkTA RECOMMENDATIONS

Meaningful de iiptions of supply and demand for precollep science
and mathematics teachers, their interactions, and the role of quality in
bringing supply and demand into balance require comprehensive national
data. The Schools and Staffing Survey (SASS), first conducted in 1987-88
under the aegis of the National Center for Education Statistics, represents
a groundbreaking effort to capture some of the most relevant data on
a regular basis. If this survey is repeated periodically and disseminated
quickly, it holds particular promise for providing statistics on a number of
key aspects of supply, demand, and quality. As with all new surveys, the
extent to which SASS will meet its goals cannot be known until the data
have been received and ar alyzed.1 The SASS data, used in conjunction
with other NCES surveys and the panel's additional recommendations for
data enhancement, should provide the basic data for monitoring the supply,
demand, and quality of teachers and for preparing informative reports and
analyses. However, current data collection efforts and our knowledge of
the relation between incentives, quality, and supply are still inadequate
to support meaningful beh..vioral models of teacher supply and demand.
Thus, we recommend a sequential approach:

First, as efforts are made to improve the consistency, scope, and
quantity of data, publish indicators from existing data that are considered
relevant to teacher supply, demand, and quality.

1The
release of the SASS data base has been delayed a few months in order to guarantee the

confidentiality of the data. The recent Hawkins-Staffotrl Act 100-297) requires that the Na-
tional Center for Education Statistics protect the privacy of individually identifiable information
cnllected through survey questionnaires. NCES has recently formed a Disclosure Review Boatrl,
consisting of senior NCES staff and outsi.le experts, to establish procedures and then xview data
products in order to release the maximum amount of data while protecting the privacy of survey
respondents. The first release of SASS tables is scheduled for spring 1990.

15



4 PRECOLLEGE SCIENCE AND MATHEMATICS TEACHERS

Second, carry out the research needed to support behavioral mod-
els.

Third, as data bases are improved and research findings on the
relation between incentives and supply become available, devote resources
to structural modeling that goes beyond simple extrapolative projection.

The specilic recommendations presented below address the need for
resources for SASS; data related to teacher demand, supply and quality;
and a group of desirable general data practices. The complete set of
recommendations and their discussion appear in Chapter 6.

Resources for Data

In the near term it is essential to monitor the state of demand, supply,
and quality of precollege science and mathematics teachers, and we advance
four recommendations to that end. lite NCES has recognized the need
for a major effort to gain better information concerning teachers and has
initiated SASS, which, if it lives up to its promise, has the potential to
provide the best data on teachers this country has had. Analyses based on
SASS can improve the nation's understanding of the supply, demand, and
quality of precollege science and mathematics teachers.

Priority Recommendation 1. We recommend that provision be made in
the budget for the National Center for Education Statistics to conduct the
Survey of Schools and Staffing on a regular cycle and that the budget include
funds for follow-up surveys of teachers who leave teaching and for in-house
and ertenial analysis of the survey data.

Demand Data

Estimates of the demand for hiring teachers depend on at least three
components: student enrollment, pupil-teacher ratios, and teacher attrition
rates. (It should be noted tbat teacher attrition is largely a supply phe-
nomenon, reflecting the decisions of inciv: al tenchers. In Chapters 3 and
4, we treat attrition as a supply variable, but for some purposes it is a natu-
ral transformation to think of it as resulting in a demand for new teachers.)
Although the task of projecting enrollment-driven demand for science and
mathematics teachers is fairly straightforward, and most of the necessary
data are available through the Bureau of the Census and NCES, the data
on teacher attrition are deficient. At any organizational level, whether
national, state, or district, attrition is generally defined as the number of
teachers who taught in that organizational unit in one year but not in that
unit in a similar position in the following year. The most recent NCES
estimates of attrition rely on 1983 data fnm the Bureau of Labor Statistics

;
ltk
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SUMMARY 5

and are not disaggregated by discipline. The data most needed now for
better projecting teacher demand are attrition data, although needed im-
provements in other demand-related data are also noted. Data on attrition
for reasors other than retirement are of particular interest.

Priority Recommendation 2 We recommend that NCES collect data on
attrition rates classified by rettrement or other cause, and by discipline, as
a first priority. Other data recommendations are for annual information on
state-mandated course requirements and periodic data on changes in science
and mathematics course offerings and enrollments.

Supply Data

The major shortcomings of current supply-demand models and reports
of teacher supply and demand occur on the supply side.

The primary components of supply are continuing teachers and new
entrants. The supply of continuing teLchers is estimated using attrition
rates, which are much in need of improvement, as the preceding recom-
mendation and the one below emphasize. Estimating the supply of new
entrants is more difficult still, since most new entrants do not come directly
from teacher training institutions. Although a few come from alternative
certification programs, the major source of new entrants is the reserve
pool, which consists of people with teaching experience who did not teach
last year or individuals who were certified to teach at least a year ago
but who have never taught. Data on these key sources are inadequate or
nonexistent, though SASS is making significant inroads toward a national
data base that will describe these components more clearly.

Effective monitoring of supply must include information on the quality
of the supply (described below), 'lb construct behavioral models of supply,
data will be needed that capture behavioral aspects of supply. Our highest-
priority data recommendations for the near term call for better data on
newly certified individuals and their incentives to teach, on the components
of the reserve pool, and on retention and attrition patterns. Priority
Recommendation 3 is therefore widely encompassing, including not only
components of quality, but also data that capture behavioral aspects of
supply.

Priority Recommendation 3: We recommend that NCES collect the
specified data (in order of priority under each of the three headings) on the
following aspects of teacher supply.

(a) New hires and incentives to teach:
Comparative salwy data to indicate competitiveness of teachers'
salaries relative to those of alternative nonteaching positions.
Data on reasons why teachers selected their current schoolldistrict.



6 PRECOLLEGE SCIENCE AND MATHEMATICS TEACHERS

(b)

(c)

Data on the number of last year's certificants, by iype of cer-
tificate who were hired (or received a firm job offer) by school
districts and the proportion of those who applied for positions
who were hired.
Rend data from districts on the ratio of the number of applicants
to vacancies in teaching by field, and on the number of job
offers per vacancy.

The supply potential of the major components of the reserve pool:
Data following new college graduates over time, to determine
the proportion that enter teaching by the number of years af-
ter graduation, reasons for leaving teaching time spent out of
teaching and reentry into teaching.
Retrospective data that track new hires from the reserve pool
backward, to study their career histories prior to entering or
reentering teaching.
Data on those certified in a given state who are not currently
teaching in that state. Using data from state certification files,
states can track certificants who still live in the state and
characterize that segment of the reserve pool by age, subject,
specialty, years of past teaching experience, and interest in
teaching.

Retention and attrition rates:
Data from schools on the distribution of teachers by age,
racelethnicity, sex, and disciplinary area, as well as attrition
levels within these categories. Attrition should be classified by
retirement or other cause.
Information from former science and mathematics tpechers on
incentives to leave teaching.

Quality Data

The notion of an adecp2ate supply of science and mathematics teach-
ers must be understood in terms of the quality of that supply. In the
short term it is in large part through adjustments in quality that supply
and demand come into equilibrium. In responding to perceived shortages,
school systems may opt over the long tftrm to increase salaries or improve
working conditions. In the short term, they may recruit more aggressively,
increase class sizes, or cancel courses. Frequently, the adjustment mecha-
nism operates through changes in the quality of individuals hired. Hence,
there may be no observed quantity imbalance but instead a change in the
quality characteristics of the teaching force. It is critical to obtain statis-
tics that relate to quality, but very little information exists that helps to
define or measure quality at present. We need to know more about how

I: 8



SUMMARY 7

quality can be measured and how quality adjustments take piaci:. The next
recommendations encompass a wide variety of data needed toward that
end.

Priority Recommendation 4. To provide indicators of aspects of the quality
of teachers and aspects of the school system that affect either teacher quality or
teaching quality, we recommend that the data listed below (in order of priority
under each of the two headings) be collected and monitored ova time.

(a) Qualifications of teachers:
Certification data as an indication of a minimum or baseline
level of qualifications.
Individual transcript duta on general intellectual ability and
on courses taken in preparation for science or mathematics
teaching-for elementary as well as secondary teachersto provide
the most complete data on teachers' formal qualifications. The
panel recognizes the cost and burdens of transcript studies
but considers that such studies for samples of teachers would
be valuable at the national level and to individual states.
Rends in guidelines for prospective teachers in terms of content
or course work recommended by science and mathematics pro-
fessional associations and the extent to which guidelines have
been adopted.

(b) School system factors that affect quality:
Hiring practices, including timing of offers, and constraints such
as internal transfer rules.
Teacher assignment or misassignment, by subject, including inci-
dence of out-of-field teaching and use of temporary or emergency
certification.
Data describing inservice education, laboratory materials, and
collegial and administrative support for teachers in place.
School practices related to time use, class size, teaching load,
level of autonomy, opportunities for collaboration and decision
making salary, and other monetary incentives.

General DaZa Recommendations

In addition to the specific data recommendations above, certain prac-
tices should be followed to ensure the most meaningful data results and
the widest use of the information.

Priority Recommendation 5. We recommend adoption of certain general
guidelines for any data collection efforts relevant to teacher supp4,, demand,
or quality:

0t
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(a) Emphasize the repeated collection of data over time, in contrast to
a one-time effort, in order to pennit measurement of changes in
demand, supply, and quality over time.

(b) Disseminate data into the public domain in a time4, manner and in
an easily accessible format.

(c) Focus on subareas of subject matter (e.g., chemistry, physics or
calculus, rather than mathematicsIscience in general), in order to
permit specific identification and warring of areas of shortage or
surplus.

RESEARCH ISSUES IDENTIFIED BY THE PANEL

A number of important issues affecting supply, demand, and quality
as they relate to science and mathematics teachers are not well understood
and are beyond the scope of existing data and models. During the panel's
discussions, a variety of such research topics was noted, and although they
are not intended to be a comprehensive list, some of the most relevant
issues are advanced for consideration by the National Science Foundation.

Resources for Research

The panel has concluded that the present research base is inadequate
to support the development of behavioral models of teacher supply and
demand. We therefore identify a number of issues requiring research in
order to quantify the relationships needed for the development of effective
behavioral models of demand, supply, and quality.

Priority Recommendation 6. The panel recommends that the National
Science Foundation stimulate research on behavioral models of teacher supp4,
and demand and increase the amount of support for such research.

Research on Demand

Policy makers frequently ask questions that could be answered by well-
specified models. These include "what if" questions about the likely impacts
of various education policy actions and changing labor market conditions
on demand. 'Ib answer such questions, models are needed that reflect
the forces that influence demand. Before such models can be developed,
research is required on the behavioral factors that influence the demand for
science and mathematics teachers. Although the panel's charge was to focus
on supply and demand for public school teachers, changing preferences for
private school enrollment, a topic about which tittle is known, can affect
the demand for public school teachers.

20
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Priority Recommendation 7. The panel reiterates and extends its recom-
mendation from the interim report (National Research Council, 1987c:5-6)
that research pertinent to the demand for precollege science and mathematics
teachers be conducted-in order of priority-on:

(a) The behavioral determinants of student selection ofscience and math-
ematics courses at the secondary school level, including the effects
of changes in graduation requirements and of student preferences for
subject areas.

(b) The behavioral determinants of parental and student preferences for
private and public schooling.

(c) The determinants of pupil-teacher ratios, including the adjustment
lags in those ratios as enrolfrnents change andIor the teaching force
changes in demographic composition; chLiges in the school budget;
changes in staffing patterns, typical class size, ang teaching loads;
increased graduation requirements; and changes it, course offerings.

(d) The impact on high school dropout rates ofsucti factors as changes
in graduation requirements, labor market conditions, and the de-
mographic composition and family circumstances of the school-age
population.

(e) The relationship of changes in demand for courses to changes in
pupil-teacher ratios and the resulting derived demand for full-time-
equivalent teachers of mathematics and science at the secondwy
school level.

Research on Supply

Research on the behavioral factors that influence the supply of well-
qualified science and mathematics teachers is essential to improve the
understanding of teacher labor markets and to make it possible to develop
dynamic models with serious behavioral content to address important policy
needs.

Of prime concern is the lack of detailed knowledge of how incentives
affect the supply of precollege science and mathematics teachers. Measur-
ing the relation between supply and incentives such as salary or working
conditio7s is important because policy makers can adjust such variables to
change the supply of teachers. A related research issue concerns the supply
potential of the reserve pool, which is the largest source of new entrants
to teaching. Because the other source-new certiflcants-is decreasing in
number; research to assess the supply potential of the reserve pool is of
growing importance. Finally, examination of subsamples of districts experi-
encing supply/demand problems, including in-depth inquiries, may provide
information for policy use in ameliorating the problems and can also help
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determine appropriate categories for disaggregation of data in publications.
The recommendation below pertains to these issues.

Priority Recommendation & We recommend research on a variety of
topicsin order of prioritythat center on behavioral aspects of the supply of
precollege science and mathematics teaches:

(a) Incentives that affect individual decisions to enter teaching to leave
teaching and move to a different occapation, or to retire.

(b) Supply potential of the reserve pool. Studies 01 the reserve pool
might include the effects of incentives, such as salary increases,
on attracting individuals from the reserve pool and the effects
of limited mobility of teachers in the reserve pool on the supply
potential of the reserve pool.

(c) School districts erperiencing suppVdonand problems. Such school
districts can be identified from SASS data and studied in depth,
as can the svpply and demand situation in different geographic
or labc market regions. e.g., inner city, rural, and high-income
suburban.

Research on Quality

The pivotal role of quality in bringing teacher supply and demand
into balance has proved elusive and beyond researchers' present ability
to measure. We have distinguished teacher qualityreferring to personal
characteristics of the teacher such as education level, subject matter knowl-
edge, skills in working with students, and deg:ee of inservice trainingfrom
overall teaching quality. 'leaching quality depends not only on teacher qual-
ity, but also on characteristics of the school and district policies that are
beyond the control of the individual teacher, such as types of textbooks
selected for the school system and the amount of time allocated to eacn
subject.

In the course of panel discussion on these issues, we noted several
studies related to teaching quality or tea_Aer quality that could be pursued.

Recommendation 9. We recommend the following studies related to
teaching quality and teacher quality, in order of priority:

(a) Study the effectiveness of a wide variety of practices that schooL and
school districts have employed to improve teaching quality in science
and mathematics.

(6) Examine the inservice training practices for science and mathematics
teachers that are providel by elementary and secondary schools, to
idennb, programs that seem to be effective in enhancing teaching
quality and to understand reasons why some programs appear to
work while others do not.
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(c) Study teachers' transcript records, to determine the degree to which
transcripts can be used as an accurate reflection of subject matter
knowledge or of teacher quality.

(d) Study the methimlological curriculum of teacher training programs to
assess the degree to which these programs vary in their emphasis on
pedagogical theory compared with pedagogical practice.

Research on Student Outcomes

The ultimate usefulness of a better understanding of the supply, de-
mand, and quality of teachers of science and mathematics lies in their
effects on students' :earning. It is thought that these factors are linked
to outcomes, but that linkage needs to be explicit. Primary aspects of
this research would attempt to relate measurable teacher characteristics,
school environment variables, and home environment variables to student
outcomes.

Priority Recommendation 10. The panel recommends that further research
be conducted on the relationship of measurable characteristics of teachers
of mathematics and science and home and school environment factors to
educational outcomes of students in these fields. This research should explore
variation in outcomes as well as average outcomes.

RESEARCH FACILITATION

One way to facilitate research on issues of teacher supply, demand, and
quality is to ensure that the data obtained from NCES, state agencies and
other studies be disseminated promptly and in a usable form to the research
community. Another way to stimulate research is by providing an ongoing
program of graduate student support for research. A program comparable
v.:, the National Institutes of Health training grant program in biostatistics,
which was successful in attracting a large number of young researchers to
the field and in &airing the level of sophistication in biostatistics, could
be expected to have similar effects on education statistics.

Priority Recommendation 11. We recommend that the Office of Educa-
tional Research and Impmement within the Department of Education cnate
a program of doctoral graduate student support (training grants) in education
statistics.

INFORMATION EXCHANGE AMONG DISTRICTS,
STATES, AND TI1E NCES

The 16,000 school districts in this country operate relatively indepen-
dently and balance teacher supply and demand within districts by their own
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actions. The staffing problems they encounter vary widely, and the actions
taken by district superintendents and personnel directors to address these
problems are both innovative and varied. Applicants and school systems
have effective means of coping with the uncertainty of budgets and con-
tracts and adjusting to institutional barriers (e.g., use of the substitute pool
to stockpile place-bound potential teachers, use of graduate students to
teach part time, and cpoperative arrangements with local industry).

Much of the information about school district actions to address staffing
problems will not be captured by SASS. Over the course of its study, the
panel broadened its understanding of teacher supply and demand issues
by direct contact with 39 public school districts across the country. They
ranged from the largest metropolitan systems to the most isolated small
school districts and represented a wide geographic range and a variety
of labor market conditions. The case studies and the conference held by
the panel with persounel directors of seven large school systems vividly
demonstrated to us the diversity of practices and styles and the diversity of
labor market situations that characterize the nation's school districts.

The panel believes that NCES could profit from frequent interactions
with school district personnel and could play a valuable role as a broker
between data producers and data users in the states. A useful mechanism
f Dr such interaction would be conferences of district and/or state personnel.

Priority Recommendation 12 The panel recommends that the National
Center for Education Statistics (a) convene an annual conference of district
personnel who are responsible for the decisions that affect teacher supply, de-
mand, and quality to maintain an awareness of the current issues in lercher
supply and demand; (b) hold periodic conferences of state personnel who pre-
pare state and local supply and demand proja..ons to facilitate improvement
in these models; and (c) hold occasional conferences to promote communi-
cation between state personnel who produce data relevant to teacher supply,
demand, and quality and district personnel who would find these data usefid

their recruitment activities and in development of district policies concerning
teachers.

IMPLEMENTING THE RECOMMENDATIONS

For immediate consideration, most of the high-priority data recom-
mendations can be satisfied by additions to existing surveys, most notably
SASS. The data elements should be added to the surveys as they are sched-
uled. In addition, the NCES conferences call for prompt implementation.
The first annual conference should be initiated in 1990, with subsequent
conferences to be planned on a continuing basis. Other recommendations
for prompt implementation are the proposed program of graduate student
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support for studies in education statistics by the Office of Educational Re-
search and Improvement, and the timely dissemination of data colic led by
NCES.

The next priorities in the time sequence for implementation are rec-
ommendations that would require new data collection instruments, such
as the call for individual transcript data. In addition, a few of the data
recommendations are addressed to state agencies, namely those involving
certification data. The panel does not have the information to determine
when it would be feasible or desirable for the states to implement these
recommendations.

Finally, the research issues_ noted by the parel call for an expanded
program of research on behavioral models of teacher supply, demand,
and quality and for further stimulating this research by establishing a
program for graduate student support in education statistics. The panel
recognizes that this is a program of long-term research. Nonetheless, it
should start immediately so that needed information and behavioral models
of teac`...1r supply and demand bezome available at the earliest possible date.
When misconceived claims and questions about shortages are replaced with
knowledge of how teacher labor markets actually function, policy makers
will be able to design more sharply focused policies to ensure a strong
science and mathematics teaching corps.

L.,.£5_:__..
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Introduction

In recent years a number of studies have expressed concern about
current and prospective shortages in the nation's available supply of pre-
college science and mathematics teachers. Some studies claim that seveie
shortages currently exist; other studies find that, while current shortages are
not severe, future shortages are likely; and still others find that, although
there is no quantitative shortage, there is a gap between the quality of
current teachers of science and mathematics and the quality needed to
ensure effectivz instruction. Most, but not all, of the studies have focused
on teachers at the secondary level, for which more information by discipline
is availale.

Although the panel is not charged with determining whether a shortage
of precollege science and mathematics teachers either exists now or is likely
in the future, the mandate to specify types of data needed to understand
that issue requires the panel to examine the demographic and employment
patterns affecting supply and demand in particular labor market areas. Thus
we are concerned about the forces associated with changes in precollege
enrollments in science and mathematics courses, including both changes in
the demographic configuration of children in the relevant age ranges and
changes in state or district requirements specifying the number of science
and mathematics credits needed for high school graduation. We also look
at the principal determinants of the total supply of teachers, including the
demographics of the teacher corps.

A major concern is to understand the appropriate characteristics of
teacher qualifications and teaching quality, since supply and demand for
teachers come into equilibrium through adjustments in quality. Quality
cannot be monitored unless the characteristics associated with it can be
specified. Thus, our basic concern is to identify the types of data needed

14
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to understand quality in order to evaluate how it is changing. In the
course of the effort we examine some of the available data that have led
many to conclude that the quality of science and maotematics training
in the United States is not satisfactory. Specifically, we examine data
on student performance from studies carried out under the aegis of the
International Association for the Evaluation of Educational Achievement
and from the National Assessment of Educational Progressdata that have
raised questions about the quality of teaching in that country.

Finally, we have considered the relationship between teacher training
and preparation, teacher instructional activities in the classroom, and stu-
dent outcomes. Although it is certainly true that unsatisfactory outcomes in
terms of student anderstanding of important concepts and topics in science
and mathematics can be due in part to deficiencies in the academic back-
ground or pedagogical training of science and mathematics teachers, it does
not follow that poor outcomes can be attributed squarely to deficiencies in
these areas.

Many factors could contribute to poor student understanding. Unsat-
isfactory outcomes could be due to thc structure of the science or mathe-
matics curricula; they could be due to insufficient emphasis on science and
mathematics topics in the allocation of time during the school day; they
could be due to the manner in which schools and classronms are organized
w th 'spect to opportunities for interchange among teachers, the amount
ut time available to teachers for planning and preparation, the availability
of inservice training opportunities, and so on. Poor outcomes could also
be due to the fact that children receive less time and attention from par-
ents in home environments than was true in the past, or due to changes
in parents' expectations, beliefs, and behaviors related to learning science
and mathematics that influence children's developmental outcomes. It is
thus the panel's conviction that to understand the supply and demand for
preccilege science and mathematics teachers, and to understand the quality
characteristics of teacher supply, we must go beyond a narrow mandate to
examine the adequacy of the available data fro?11 which teacher supply and
demand models could be constructed. However, the panel's mandate is not
so broad that it rt,quires us to prescribe policies whose effects migtt be to
change either supply, demand, or quality.

THE MEANING OF SHORTAGE

In everyday parlance, when mast people speak of a shortaze of precol-
lege science and mathematics teachas, they ar- likely to mean that they are
dissatisfied with the quality of people teaching science and mathematics,
rather than to mean that there are insufficient numbers of teachers to staff
science and mathematics con :s. In technical terms, it is hardly possible to

,
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have either a shortage or a surplus of particular kinds of precollege teacheis,
or indeed of teachers generally, since school systems typically have neither
classes without teachers to teach them (excess demand/short s_pply) nor
employed teachers without classes to teach (excess supply/short demand).
Thus a quantitative shortagefewer teachers teaching science and mathe-
Tiatics than there are science and mathematics classes to be taughtwill
not be observed except in those case (which may be frequent but not well
documented by data) in which a cLase or class is cancelled because a
teacher cannot be found with the appropriate credentials/qualifications.

What actually takes place is an equilibrating process that is expressed
in the short run by quality adjustments in the criteria for hiring next year's
teachers. In the long run, salary is the equilibrating factor for supply and
demand. While the quantity of people teaching science and mathematics
will almost always be equal to the quantity of science and mathematics
teaching offered, tendencies toward ehher surplus or shortage will surface
as adjustments in quality. In planning for the next school year, if there are
not enough applicants with science and mathematics credentials to teach
science and mathematics classes, a district will either undertake aggressive
recruiting or f. teacher will be drafted from inside (or hired from outside)
and provided with emergency certification to teach the course. If there is
a potential surplus, qualified science and mathematics teachers will end up
either teaching some other subject or not teaching at alL In the former
case, if f^hool systems do not recruit aggressively, they may have to dip
down far into the pool of teachers less experienced or qualified in science
and mathematics to fill the available positions. If the premise is true that
quality is positively associated with experience and training, their average
quality will tend to decline.' In the latter case, depending on institutional
rules or practices, only the best qualified (or the most senior) science and
mathematics teachers will get the available science and mathematics classes,
and other teachers will have to go elsewhere or teach something rAse. If the
available classes go to the best qualified teachers, on average the quality
will tend to increase. However, if the available classes go to the most senior
teacher, which is the policy in most systems, the effect on quality is difficult
to assess.

1
Some economists define commodities by listing their attributes, of which quality is one. This way

of thinking about commodities, however, is a verizpccial usage. In fact, in the situation described
the district did not get first-rate matheinafics arid science teachers, and therefore emerienced
a shortage of such teachers. But it is rare that this would be revealed thmugh questionnaire
responses, since questions ask only whether the otsirkt found people who were certified in the
relevant field to fill a vacancy. The dimensions in which equilibrium ta ..es place, including quality,
are relatively unobservable. The concept of shortage does not suggest a strategy for measuring
shortage. Although we could refe to a "shortage of teachers of desired quality" throughout the
=Port for simplicity we have chosen simply to refer to a "shortage."
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While these observations are straightforward and almost self-evident,
they do account for the fact that some studies of the supply-demand bal-
ance in precollege science and mathematics have concluded that there is
a considerable shortage of teachers, while others have concluded that no
shortage exists at all. The former type of studies have defined shortage as
the absence of F-df5ciently qualified teachers to staff the relevant classrooms
and have judged that many classrooms are staffed by inadequately qualified
teachers (as examples, see National Education Association, 1988; Weiss,
1987; Akin, 1986). The latter type of studies, asking whether schools have
been unable to hire teachers to teach science. and mathematics courses,
have found that school systems are able to hire such teachers (as ex-
amples, see National Center for Education Statistics, 1985a; Feistritzer,
1988b). Thus the importar ' of the general propositionthat, although
quantitative gaps between r Ily and demand are not generally identified,
quality adjustments ensure that supply and demand are equalis that un-
derstanding both the quantitative and the qualitative dimensions of teacher
supply and demand is essential to understanding the supply and demand
for teathers. lb do otherwise is to miss a significant part of any potential
rablem.

FACTORS AFFECTING DEMAND

A data system able to track changes in the demand for precollege
science and mathematics teachers must as a minimum be able to assess
demographic factors, which include changes in student enrollment, in the
ratio of male to female students in science and mathematics courses, and
in the proportions of minority students in science and mathematics courses,
as well as changes in policy variables, such as graduation requirements
mandated by the state, entrance requirements of colleges and universities,
and changes in acceptable pupil-teacher ratios. Demand also depends on
the number of vacancies resulting from the crePtion of new positions and
from teacher attrition. All these factors affect the demand for classes in
science and mathematics.

As noted in the panel's interim report, the most accurate data used
in current supply and demand models are probably the demographic data
for projecting demand. For the precollege student population, projections
of the total will be extremely reliable for all K-12 grades for at least five
years into the future, since students starting kindergarten will already have
been born about five years ago. Thus, even birth rate projections have
only a small influence on demand projections, unless the projections go out
further than five years. And total enrollments in grades 7-12 (the point
at which spedalized science and mathematics courses typically begin to be
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FIGURE 1.1 Enrollment in grades K-12 of public schools, with projections: Fall 1972 to
1997. Source: National Center for Education Statistics (1988g:14).

offered) are known at least 12 years in advance since the children have
already been born.

The demographic base for projecting demand is not quite so solid as
the above paragraph suggests, even at a national level. Both in-migration
and out-migration occur among school-age children in the United States
as a whole. But at the more relevant regional, state, or local level, there
is obviously some migration of school-age children that must be taken
into amount statistically. Thus, even very good national models need to
be substantially augmented with accurate subnational migration data to
produce useful demand projections at the relevant school district level.

School enrollment itself is projected to rise somewhat during the
next half-decade. For example, from 1978 to 1987, enrollment in public
secondary schools (grades 9-12) fell from about 14 million students to
about 12 million; but from 1988 to 1995 secondary enrollment is projected
to increase to about 13 million. Over the same period, elementary school
enrollment is projected to increase from a little over 28 million students to
about 31 million (see Figure 1.1).

A number of forces curr ;nay under way suggest the need to track more
refined characteristics of the :.emographics and to add to them data relating
to mandated state requirements.For example, a potential exists for greater
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demand for science and mathematics training for female children in the
K-12 age range, simply because of persistent changes in attitudes toward
appropriate sex roles for men and women and the associated cbmges in
the career aspirations of young women. It is already evident that more
young women are planning to enter science and engineering fields than wls
true 20 years ago. In fact, the number of undergracmte women majoring
in science and engineering has risen dramatically since the mid-1970s. For
example, the physical sciences showed an increase horn 30,900 women in
1976 to 38,100 in 1984, then decreased to 36,500 in 1986 (National Center
for Education Statistics, 1988b:167). Similarly, in 1976, 28,800 women
majored in engineering. This number increased to 74,800 by 1984 and
deLlined slightly to 71,200 in 1986. Though trends ha e attenuated for the
present, it is important to monitor the enrdlment of women as science
and mathem4tics majors at the postsecondary level. Currently, 28 percent
of all physic.t -eicnces majors are female; because of the potential for
further increast female enrollment in science and mathematics should be
monitored.

Similarly, it seems likely that the movement toward equal opportunity
will gene:ate an increased demand for science and mathematics training
on the part of minority youngsters. The evidence here, some of which
is shown in Tables 1.1 and 1.2 is not easy to interpret. For students
who were high school seniors in 1930, the 1980 data indicate that blacks
actually took more semesters of matheinatics than whites, and only Chicanos
and Native Americans (especially the latter) are markedly lower than
average. For science, black seniors were well below whites in number of
semester hours in 1972, but in 1980 black seniors had nearly caught up
with whites, while all the other minority groups except Asian-American and
Puerto Rican students were below whites. These data are for seniors, and
high school dropout rates are much higher for minority students than for
whites. Moreover, the data noted above do not standardize for the level of
science and mathematics courses. Minorities other than Asian-Americans
are historically more likely to be found in remedial mathematics than in
the more challenging mathematics courses and in general science courses
than in physics dnd zhemistry (Office of lechnology Assessment, 1988:45).

A recent report by the Educational lbsting Service (ETS) drawn from
a research paper on course-taking patterns in the 1980s by Ooertz (1989),
compares students' course-taking patterns in 1982 and 1987, using data from
the High School and Beyond study by the National Center for Education
Statistics (NCES) (1982 graduates) and the High School Ilanscript Study
by Westat, Inc. (1987 graduates). This report (Educational Thsting Service,
1989:20) finds significant gains in course-taking by black and Hispanic
students between 1982 and 1987. Some of the gains were impressive,
others modest. For example, 29 percent of black graduates in 1982 had
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TABLE 1,1 Semesters of High School Mathematics (Grades 10-12) Reported by Seniors, by Racial/Ethnic Group, 1972 and 1980

1972 1980
National Longitudinal Study High School and Beyond Study

Mean
Standard
Deviation

Sample
N Mean

Standard
Deviation

Sample
N

Change

1972-1980

TOTAL 3.93 1.8 11,771 LI 4.06 1.9 27,928 0.14*
White 3.97 1.8 9,228 4.04 1.9 19,695 0.07
Black 3.86 1.6 1,402 4.28 1.8 3,709 0.42*NJ0 Native

American 2.67 1.7 117 3.52 1.9 215 0.85*
Chicano 3.30 1.7 341 3.73 1.8 1,873 0.43*
Puerto Rican 4.09 2.0 62 4.26 2.1 303 0.18
Other Hispanic 4.12 1.7 77 4.07 1.9 059 -0.05
Asian-Americun 4.28 1.8 144 4.91 1.8 364 0.63*

* p less than or equal to 0.05
1 Item response number is smaller than number of survey respondents.

Source: Rock et al. (1085: Table 6-48).
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TABLE 1.2 Semesters of High School Science (Grades 10-12) Reported by Seniors, by Racial/Ethnic Group, 1972 and 1980

1972 1980
National Longitudinal Study High School and Beyond Study

Mean
Standard
Deviation

Sample
N Mean

Standard
Deviation

Sample
N

Change
1972-1980

TOTAL 3.71 1.8 12,002 a 3.46 1.9 27,482 -0.25*

White 3.77 1.8 9,397 3.48 2.0 19,465 -0.29*
6.)
)-- Black 3.52 1.7 1,449 3.45 1.9 3,604 -0.02

Native
American 2.75 1.5 120 3.02 1.7 212 0.27

Chicano 2.96 1.6 350 3.05 1.6 1,828 0.09
Puerto Rican 3.67 1.7 66 3.57 2.0 290 -0.10
Other Hispanic 3.80 1.9 81 3.31 1.8 945 -0.48
Asian-American 3.82 1.8 138 4.12 1.9 357 0.30

* p less than or equal to 0.05
9-' Item response number is smaller than number of survey respondents.

Source: Rock et al. (1985: Table 6-50).
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taken geometry; by 1987, 44 percent had taken geometry, compared with 64
percent of whites. In calculus, gains were slight for blacks, from 1 percent
in 1982 to 2 percent in 1987, compared with 6 percent for whites. The
percentage of Hispanic graduates who had taken algebra I rose fron. 55
to 77 percent between 1982 and 1987, and by 1987 they were nearly even
with whites (at 78 percent). Minority gains in science course-taking were
similarly notable. However, blacks and Hispanics still lag behind whites
and Asians in their enrollments in the higher-level mathematics and science
courses.

In addition, school districts have changed their graduation require-
ments to include more science and mathematics training or credits required
for graduation from high school. In 1985, NCES surveyed a sample of 565
districts and asked for math and science requirements for high school grad-
uation in 1982, 1985, and the expected requirements in 1988. Between
1981-82 and 1984-85, for example, nationally the average number of years
of course work required for graduation from public high schools increased
from 1.6 to 1.9 for mathematics, and from 1.5 to 1.8 for science (see
TAble 1.3). The National Commission on Excellence in Education (1983)
recommended 3.0 years for both science and mathematics.

In response to changes in the graduation requirements of districts,
states, and even in the entrance requirements of colleges and universities,
increased enrollments in high school science and mathematic:, courses have
been documented (Educational lbsting Service, 1989). The years between
1982 and 1987 have seen strong gains in science and mathematics course-
taking, except in physics and calculus, for which gains were modest or
nonexistent. 'lb the extent that new state course requirements exceed
those already in place in the districts, the result can be a stronger demand
for science and mathematics training, given the same student population.
However, when local school district requirements already exceed new state
requirements, which they often do, new demand for teachers may not result.
Therefore it is important to monitor changes in course requirements at both
the state and district level to assess the effects on the demand for teachers.

In addition to changes in course requirements, a number of other
policy-related factors influence the demand for new science and mathe-
matics teachers. Changes in pupil-teacher ratio can result in changes in
demand. And a number of policy-related factors at the school, district, or
state level can influence the ratiochanges in budgets, class size policies, or
course requirements, for example. These changes should be monitored in
any data system that tracks changes in demand for science and mathematics
teachers.

Another major component of demand models is the pattern of attri-
tion for science and mathematics teachersdue both to retirement and
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TABLE 1.3 Average Years of Course Work Required for High School Graduation by Public School Districts With High
Schools, 1981-82, 1984-85, and 1987-88

Subject Area

School Year Foreign Social
of Graduation Mathematics Science English Language: Studies

1981-82 1.6 1.5 3.6 0.0 A 2.6
1984-85

b1987-88
1.9

2.3

1.8

2.0

3.8

3.9

0.1

0.2

2.8

2.9

Recommendations of
National Commission
on Excellence in
Education -C- 3.0 3.0 4.0 2.0 3 0

Less than 0.05 years.
/2 Expectations as of fall 1985 about requirements for seniors graduating in 1988.
-C Another half year of course work was reeommended in computer science. Almost no school districts had requireineats in
this area in 1981-82. That situation changed by 1984-85, when the average for all school dietrictswas 0.1 years of course
work required for graduation in computer science; the expected average for 1987-88 is 0.2 years.

The recommendations of the Commission on Excellence in Education about foreign languages applied only to the college-
bound, not to all students. The figures for actual requirements represent requirements for all graduates.

Source: Center for Education Statistics (1987a:84).
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especially to leaving earlier in one's teaching career. It is essential for an
effective data system to be able to monitor attrition rates by subject as well.

Finally, research is called for to identify other behavioral factors that
influence the demand for teachers: for example, patterns of dropping out
of high school, parents' choice of private over public schools, and the timing
of that choice.

FACTORS kFFECTING SUPPLY

Racher supply ain be examined in terms of retention rates for the
present stock of teachers, the flow of newly certified teachers from colleges
and universities, and the flow of returning teachers who have been absent
from the labor market, laid off during the past decade du t! to declining en-
rollments, or have come from other occupations or alternative certification
routes. As with demand, these factors include both demographic charac-
teristics (the age distribution of current :eachers) and policy variable:,. In
our interim report, we noted that most of the existing supply models focus
on the flow of new graduates of education degree programs, despite the
fact that most of the new hires during recent years have come from other
SOUrCes.

The existing data, most commonly from the states ana from periodic
surveys at a national level, should be examined in greater detail to estimate
future declines in the supply of available teachers, both for precollege
science and mathematics and for precollege teachers generally. 'lb what
extent will there be a substantial decline in the overall teacher retention
rate, arising from the fact that large numbers of teachers will be entering
the age and experience combination at which teachers have often retired
in the past? One of the best-established relationships in the teacher supply
literature is the U-shaped relationship between age/experience and teacher
retention: in the early years, attrition rates are higheither because many
entering teachers find that the occupation is not what they had thought,
have adverse experiences that result in withdrawal from the teacher corps,
or find more attractive employment opportunities. At the other end of
the spectrum, where the older and more experienced teachers are located,
attrition rates rise as retirement approaches. Table 1.4 illustrates this
pattern for the state of New York. Both early and late attrition estimates
will be important factors affecting the supply of science and mathematics
teachers.

The current composition of the teacher corps is concentrated in an
age/experience cohort in which there will be many retiremen!z starting in
the late 1990s. For example, the 1985-86 Survey of SCienC4 and Mathe-
matics Education conducted for the National Science Foundation (Weiss,
1987) found some indication that the science and mathematics teaching



TABLE 1.4 Public School Classroom Teacher Attrition and New Hires by Age Group: New York State, Fall 1985 to Fall 1986

New Hires in Fall 1986

Fall 1985 Attrition Fall 1986
Total Between Beginning Experienced Total
Classroom Fall '85 (let Year) Teachers Classroom
Teachers & Fall '86 Teachers Teachers
(N = 175,256) (N = 15,598) (N = 4,001) (N = 12,462) (N = 176,121)

Vertical Vertical Vertical Vertical Vertical
t-) Age Percent Age Percent Age Percent Age Percent Age Percent(A

<35 22.0% <35 29.0% <35 78.4% <35 1.5% <35 21.1%
35-39 23.4 35-39 16.6 1'.5-39 11.3 35-39 2.3 35-39 21.9
40-44 19.5 40-44 11.3 40-44 5.5 40-44 37.3 40-44 21.3
45-49 13.0 45-49 7.9 45-49 2.4 45-49 19.4 45-49 13.8
50-54 11.3 50-54 10.9 50-54 1.3 50-54 12.4 50-54 11.2
>55 10.8 >55 24.D >55 1.1 >55 27.1 >55 10.7

Source: New York State Education Department (1989). Files of the Information Center on Education.
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force is aging but did not predict an unusually large wave of retirees in
the near future. Monitering relevant statistics related to factors associated
with choosing to stay or choosing to retire is crucially important for un-
derstanding future teacher supply, as is monitoring the effects of incentive
programs designed to encourage continuation and discourage retirement
(or vice versa).

One sign of an impending shortage of new teachers has been a decline
in the number of education degrees awarded. For example, the number
of bachelor's degrees in education fell from 103,000 in 1980-81 to 87,000
in 1985-86 (National Center for Education Statistics, 1986:134; 1988b:196).
The number of master's degrees in education also declined, from 99,000 in
1980-81 to 76,000 in 1985-86. Among those enrolled as teacher candidates
in secondary education programs, the proportion majoring in mathematics
education held steady at about 25 percent between 1985 and 1988. How-
ever, the proportion of students majoring in science education has declined
from 21 percent of all enrolled in 1986 to 16 percent in 1988 (AACTE,
1989). The shortage issue is complicated, since new teacher supply can be
fairly quickly adjusted as opportunities are perceived to arise.

Conventional teacher training institutions are not the only source of
new supply. In recent years new supply has come mainly from a broader
source of teachers that includes (1) graduates of other institutions who
enter the teacher supply with temporary credentials and later certification;
(2) the so-called reserve pool: past graduates of teacher training or other
institutions who did not enter teaching when they graduated but could
be attracted to teaching careers with the right incentives; and (3) former
teachers who return to teaching from another occupation or activity. In
short, monitoring the basic demographics of teacher age/experience, as
well as the potential supply of new graduates and returnees from other
occupations, will be crucially important to understanding the probable
evolution of teacher supply over the next decade.

QUALITY ISSUES IN SUPPLY AND DEMAND

Much of the impetus for concern over the supply, demand, and quality
of precollege science and mathematics teachers aiises from the continuing
evidence that U.S. students do not appear to know as much science and
mathematics as their age peers in other countries. The most widely cited
such data come from the International Educational Assessment program
(IEA) and from the National Assessment of Educational Progress (NAEP).

The IEA administered science tests to fifth-grade and ninth-grade
students and to twelfth-grade students who were studying biology, chemistly,
or physics in the terminal grade in school in 17 countries in 1983 (1986 for
the United States). The results of these tests tend to show U.S. students'
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science performance declining from a middle pc3ition in fifth grade to quite
low by twelfth grade (IEA, 1988). In science, U.S. 10-year-olds were eighth
among 15 countries ranked, U.S. 14-year-olds were fourteenth among 17
countries ranked, and of 13 countries ranked for twelfth-grade students
who were taking science courses, U.S. biology students were thirteenth,
chemistry students eleventh, and physics students ninth (Table 1.5). In
general, although U.S. students did relatively poorly overall, they did worse
at the higher grades and better at the lower grades.

This may be explained in part by cross-national differences in science
curricula. The science curricula in the other countries participating in
this study generally require more years of science than are required in
the United States. The U.S. results for grade 12 generally correspond
to student achievement near the end of their second year of the subject;
students in the other countries generally would have completed three years
of the science by grade 12 (Jacobson and Doran, 1988).

U.S. twelfth-grade college-preparatory mathematics students fared
poorly against their peers in both developed and less-developed countries
of the world in performance on mathematics achievement tests (McKnight
et al., 1987). For example, for high school seniors taking mathematics, U.S.
students' scores ranked in the lowest quarter of the countries in three cate-
gories (number systems, algebra, and geometry) and were below the median
in the other three (sets and relations, elementary functions/calculus, and
probability/statistics). Eighth-grade students in the United States ranked
somewhat higher, scoring at the median in arithmetic, algebra, and statis-
tics; at the 25th percentile in geometry; and below it in measurement. The
mathematics data are shown in Tables 1.6 and 1.7.

In the IEA mathematics study, the method used by the United States,
England, and Wales to obtain a sufficiently large number of cooperating
school districts, namely requesting participation of twice as many school
districts as were needed with the expectation of a 50 percent cooperation
rate, might be expected to produce a bias in achievement scores. However,
no evidence of bias has been found (Garden, 1987:133).

Neither of the international comparisons is without its problems and
ambiguities. For example, it is not clear whether the student populations
tested in the IEA science study are fully comparable across countries.
Furthermore, it is sometimes argued that the tests themselves are biased,
since the U.S. curriculum in science and mathematics may be different
from the typical curriculum used elsewhere, and the tests may be heavily
weighted with items that are not covered in U.S. curricula. Data from the
IEA study on test validity and test relevance, however, do not support that
proposition (IEA, 1988:88-95).

A similar picture is presented by the NAEP data on achievement
scores, which indicate that large fractions of U.S. students do not appear
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TABLE 1.5 Rank Order of Countries for Science Achievement at Three Levels of
Schooling

10-Year 14-Year Grade 12/13
-Olds, -Olds, Science Students 13- Non-
Grade Grade Science
4/6 8/9 Biol- Chem- Phys- Students

ogy istry ies

Australia 9 10 9 6 8 4

Canada
6 4 11 12 11 8

(English speaking)
England 12 11 2 2 2 2

Finland 3 s 7 13 12

Hong Kong 13 16 s 1 1 -
Hungary s 1 3 s 3 1

Italy 7 11 12 10 13 7

Japan 1 2 10 4 4 3

Korea 1 7

Netherlands - 3 -
Norway 10 9 6 8 6 s
Philippines 15 17 -
Poland 11 7 4 7 7

Singapore 13 14 1 3 5 6

Sweden 4 8 8 9 10

Thailand 14

U.S.A. 8 14 13 11 9

Total
Number of
Countries 15 17 13 13 13 8

A Students taking biology, chemistry, or physics in the terminal grade in school.

Source: International Association for the Evaluation of Edbicational Akhievement
(1988:3).
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TABLE 1.6 Mathematics Achievement Comparisons: Twelfth Crtide United States
and Interr ational, 1981-82 (Percentage of Items Correct)

Topic

United States International
(15 Countries)

Pre-
caku- Calcu- 25th 75th
lux lue Percen- Percen-
Classes Classes Total tile Median tile

Sets &

relations 54 64 56 51 61 72
-mber
systems 38 48 40 40 47 59

Algebra 40 67 43 47 57 66
Geometry 30 38 31 33 42 49
Elementary

functions/
calculus 25 49 29 28 46 55

Probability/
statistics 39 48 40 38 46 64

Source: McKnight et 0. (1987:23)

to meet minimal standards of literacy in science and mathematics. The
NAEP Science Report Cord of September 1988 indicated that, despite
gailis over the past four years, particularly among minorities, a majority
of high schuul students "are poorly equipped for informed citizenship
and productive performance in the workplace" (National Assessment of
Educational Progress, 1:)88b:5).

A problem with both NAEP and the IEA tests is the limited extent
to which they assess higher-order skills. Althouei some test materials
administered by NAEP and lEA involve hands-on exercises, much more
research nnd development activity is needed to construct free-response
inaterials and techniques that measure skills tot measured with multiple
choice tests. Current improvements in mathematics and science curricula
are focused on learning of "conceptual knowledge, process skills, and
the higher-order thinking that scientists, mathematicians, and educators
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TABLE 1.7 Mathematics Achievement Comparisons: Eighth Grade, United States
and International, 1081-82 (Percentage of Items Correct)

T' Ited
s

International
(20 Countries)

(Percentage 25th 75th
Topic Correct) Percentile Median Percentile

Arithmetic 51 45 51 57

Algebra 43 39 43 50

Geometry 38 38 43 45

Statist cs 57 52 57 60

Measurement 42 47 51 58

Source: McKnight et al. (1987:21).

consider most impor,ant" (Murnane and Raizen, 1988:63). It is not clear
what the relative standing of U.S. students would he on a test that assessed
higher-order thinking skills more fully.

Despite all the caveats that have been and can be made with regard
to these comparisons, the evidence is that U.S. high school students cannot
be judged to erform well in science or mathematics by any reasonable
standard, or at least not as well as society seems to expect.

Evidence from IEA that young people who concentrate heavily in
science and mathematics do not perform especially well implies even worse
outcomes for the great majority of American youth who take very little
science and mathematics in high school. From the perspective of employers,
for example, what matters at least as much as the quality of instruction for
high school students who are potential scientists and engineers is the quality
of technical or quantitative training for the great majority of high school
students who will not go on to these t) 3 of careers but will enter the
work force after graduation. Concern over the ability of young people to
function effectively in today's technical environment, given the inadequacy
and often the total absence of science and mathematics training with any
degree of rigor, looms as a major societal concern and is the subject of
numerous recent reports.
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Both low test scores and the geno..11y low level of scientific literacy
underpin the concern with the quality of science and mathematics training,
and with the prospective shortage of qualified science and mathematics
teachers. Poor outcomes have thus spurred a deep concern with the quality
of teaching and the qualifications of teachers of science and mathematics.
Since it is through adjustments in quality that the supply and demand for
precollege science and mathematics teachers reach equilibrium in the short
rune.g., the next school yearan examination of possible statistics to
measure quality is of central concern to the paneL

At least two different sets of factors are relevant to an assessment
of teaching quality. One set relates to the teaching environment and
includes school, district, and state policies and practices that enhance or
impede one's ability to secure the right teaching assignment and to teach
effectively. Such factors include time spent on science and mathematics,
teaching burden, textbook use, district decisions about recruiting and hiring
teachers, and inservice education policies.

Another set of factors relates to the background and qualifications of
the individual teacher. These include type of certification, relevant courses
taken in the past and currently, and measures of cognitive ability. The need
for better data on these kinds of factors, both for monitoring supply and
demand and for modeling purposes, is discussed in Chapter 5.

It should be kept in mind that even if all the cumparison data were valid
and indicated that U.S. students have low absolute and relative achievement
in science and mathematics, it would not necessarily follow that the problem
lies solely or even mainly with the training of U.S. teachers of precollege
science and mathematics. Educational outcomes are a complex function of
student and family inputs, teaching inputs, educational curricula, school and
community environment factors, and student behaviors, including student
such as doing homework, attitudes toward science and mathematics, and
scientific habits such as objectivity, skepticism, and replication of results
(Murnane and Raizen, 1988). Poor outcomes can clearly be due in part
to the inadequate training of teachers, but they can also be due to factors
that have little or nothing to do with the training and ability of the teacher
corps.

For example, there has been a continuing dispute among mathematics
teachers about curricular issues, which are seen by some as having a strong
influence on the level of performance of U.S. students in standardized tests
of mathematics skills. It is alleged that mathematics skills in U.S. schools
are typically taught in a layered or "spiral" curriculum, whereby students
are taught a number of concepts in grade t, and are then taught slightly
augmented but basically similar concepts in grades t+1, t+2, . . . . It is
argued that students are thus introduced to relatively little new material
each year through grade 8, that most of what is done constitutes review
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of materials previously taught, and that as a result students become bored
with the constant repetition and never really master many of the key ideas
involved in the development of mathematical skills. It is also judged by
people who hold this view that part of the problem is that mathematics
textbook producers try to widen the appeal of their product to as many
school systems as possible; they end up including small segments on a variety
of topics and intensive treatment of few, if any, of these topics. Since the
basic text is the primary resource used by most precollege mathematics
teachers (Weiss, 1987:31, 39), and since the text usually favors breadth and
facts over depth (Office of lbchnology Assessment, 1988:30-34), the result
is that a significant fraction of students master few if any of the topics.

A different line of argument, which could in principle be resolved
more easily and might make a substantial difference to outcomes, is that
U.S. students have inadequate skills in science and mathematics simply
because teachers, especially elementary school teachers, do not spend much
classroom time on science and mathematics topics. Research indicates a
great deal more time is devoted to reading than to mathematics (Cawelti
and Adkisson, 1985; Weiss, 1987). Olrervations of actual classroom time
spent on mathematics also have found very large differences between
students in Minneapolis, Minnesota, and those in Taipei, Taiwan, or Sendai,
Japan (Stevenson et al., 1986): U.S. students spend far less time on
mathematics than do Asian students.

lb the extent that the performanct: of U.S. students on science and
mathematics tests and the level of their skill in these areas is simply due
to the emphasis on language arts found in U.S. classrooms and/or to the
smaller amount of time spent either M school or in school-related activities
at home, both the interpretation of the problem and the solution are
relatively simpleprovided school systems can be encouraged or induced
to change the structure of their curricula. But if that is the basic problem,
then the issue again is not one of inadequacy of preparation or academic
training on the part of teachers of :oience and mathematics in the United
States, but simply one of relative emphasis within the curriculum. In that
case, the question should be raised as to why fewer hours are spent on
science and mathematics in American classrooms.

Of course, it is Possible that one reason U.S. students spend less time
on science and mathematics is that many U.S. elementary school teachers
are much less comfortable in teaching science and mathematics than in
teaching language arts, and that part of the reason for the curricular
emphasis is a preference on the part of teachers and/or administrators
claived in turn florn their own training. It appears unlikely that specialist
teachers of mathematics in the early grades would be motivated to shorten
class time spent on mathematics, and use of such teachers is more common
in Japan, China, and TaiwA than in the United States in the early grades.
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There also appear to be differences in the nature of the pedagogical
training given to U.S. and Japanese mathematics teachers. The MA math-
ematics study (McKnight et al., 1987) reported that among mathematics
teachers at the eighth- and twelfth-grade levels, the U.S. teachers had taken
more mathematics courses and fewer mathematics pclagogy courses than
their Japanese counterparts (p. 64). American teachers also have much
less nonteaching time scheduled during the day, compared with their Asian
counterparts (Stevenson, 1987:32). And the degree of teacher autonomy is
different: U.S. teachers are often on their own after the first year, while
in Asian classrooms younger teachers are typically v.-.z.l'r the tutelage of a
senior teacher for a number of years (Lee et al., 1987; Stevonson et al.,
1988; Stigler et al., 1987; Stevenson and Bartsch, in press).

Home environment is another factor that affects student outcome.
There is considerable evidence that learning and training for young children
take pla--e in the home as well as in the school, and that the relative
importance of training in the home is much greater when children are
young. The home environments in which children are being raised in the
United States are considerably different now from the way they were several
decades ago. The proportion of children raised in single-parent households
is much larger now than in the past, and the proportion of mothers who
work full- or part-time is much higher now than in past decades. These
realities can create problems for children, especially for minority children,
many of whom are raised in single-parent households for a substantial
portion of their developmental years (Hill et al., 1987). Although we
cannot be t ;Main that the amount of time and attention parents pay to
young children's development is necessarily less because there are fewer
"parent hours" available in the aggregate, it is certainly plausible to suppose
that fewer total parent hours will result in fewer developmental hours spent
by parents on children. There is some evidence that working mothers
largely trade off leisure time and sleep for work hours, not for time spent
with their children (Hill and Stafford, 1985). In any event, demographic
characteristics have a potentially serious influence on the process of skill
development in young children, and part of understanding educational
outcomes is surely to understand how these home environment factors
relate to these outcomes.

In addition to the demographic differences in home environments,
there also appear to be substantial differences in the practices, beliefs,
and expectations of parents in American households compared with those
in other countries. Again, the best-documented evidence comes from a
comparison of American and Asian households. As a generalization, Asian
mothers are less satisfied with the school performance of their children
than American motners (despite the fact that their children are generally
doing better), they are more likely to attribute success in school to hard
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work rather than to native ability, and they are less likely to be satisfied
with the way the schools are performing than their American counterparts
(Lee et al., 1987).

The implication of the issues just discussed is nat that the solution
to poor performance on standardized educational outcome tests, and pre-
sumptively in the level of skill development in science and mathematics
for American students, are to be found in factors other than either the
quantity of precollege science and mathematics teachers or the quality of
their training characteristics or classroom methods. Rather, it is that poor
student outcomes are not uniquely correlated with, nor necessarily caused
by, inadequate quantity or quality, but could easily be due to factors that
are largely unrelated to teacher or teaching quality. It would thus be a
mistake, in the panel's view, to jump to the conclusion that poor science
and mathematics outcomes on the part of students necessarily reflect in-
adequacies in the background, training, or ability of their teachers and to
seek the remedy for the problem only by enhancing either the numbers
or the quality of precollege science and mathematics teachers. That could
turn out to be the case, but many other factors, such as the structure of the
curriculum, the practices of both K-12 school systems and teacher training
institutions, the amount of time spent on science and mathematics topics
in schools, and the influence of home environments on development out-
comes, all need to be understood before we can expect either to understand
the problem or to devise appropriate remedies.

THE PANEL'S WORK AND ORGANIZATION OF THE REPORT

During the course of its work, the panel broadened its understanding
of the flow of teachers through school systems by direct contact with 39

public school districts across the country. These school systems ranged
from the I. trgest metropolitan systems to the most isolated small school
Jistricts and represented a wide geographic range and a variety of labor
market conditions.

Six of the 39 districts were the subject of in-depth case studies, con-
ducted in 1987 and 1988, of supply and demand issues regarding science
and mathematcs teachers. 'No of the districts were in California and near
one another geographically: one was a large urban system whose ability
to attract talented science and mathematics teachers was affected by a
history of budgetary constraints and teacher-organization or school-district
provisions, while the other, a small, wealthy district, was able to exercise
greater autonomy in attracting and keeping talented tt achers. 'No other
districtsone in California and one in Utahboth with large enrollments,
were selected for their growing populations and rising enrollments Hiring
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in one of them was severely limited by fiscal constraint as well as strong re-
ligious and community standards; the other was growing in both enrollment
and economic base. Finally, two contiguous school districts in Maryland
that were expected to hire from the same labor market were visiteda
large urban district coping with school closures, leadership changes, and
traumatic layoffs as the student population has moved to the suburbs and
a medium-sized, stable, semirural school district nearby.

The in-depth case studies furnished invaluable context without which
statistics portraying supply and demand would be seriously incomplete.
Such context showed the role of the individual personnel administrator
and his or her ability to maneuvel or use informal networks to attract
science and mathematics teachers. It showed the effects of competing
labor markets, teacher-organization provisions, budgetary constraints, and
other external factors.

The six in-depth case studies were supplemented by 27 additional mini
case studies, conducted by telephone interviews and follow-up question-
naires, in order to test the representativeness of the findings. The mini
case studies were conducted over the period June through December 1988.

Finally, a conference of the chief personnel administrators of seven
large metropolitan school districts, representing over 5 percent of the
nation's total public school enrollment, was convened in May 1988.2 Issues
of supply, demand, Lnd quality of science and mathematics teachers were
discussed, and the districts' statistical information systems were examined
for data relevant to supply and demand models. Appendix A provides more
information about each of these activities. Discussions in the chapters that
follow frequently draw on the experiences of the school district personnel
administrators who participated in these studies.

In the chapters that follow, we further examine the characteristics of
demand for precollege science and mathematics teachers (Chapter 2) and
issues relating to supply (Chapters 3 and 4). Chapter 3 reviews projection
and behavioral models and the essential behavioral components of effective
supply models. It examines individual incentives to teach and school district
actions that influence supply decisions and mesh supply with demand. In
Chapter 4, data needed to monitor the supply pool along its various stages
in the teaching career are discussed.

We then turn to the roie of quality adjustments in bringing supply and
demand to equilibrium. In Chapter 5 we look at the question of measuring
teacher characteristics and teaching quality. Chapter 6 contains the panel's
conclusions and recommendations: some of the recommendations deal
with specific data needed to better understand demand, supply, or quality

2The number of districts in the three case study activities add up to 40, with one of the large
school districts participating in two of the projects.
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factors, and other recommendations deal with the types of research needed
to better understand the linkages among demand, supply, teacher quality,
and student outcomes and ways to facilitate this research.



2
Determining Teacher Demand

In this chapter we are concerned with the demand for new teachers,
specifically teachers new to a particular job. Projections of the demand
for new teachers require the projection of a minimum of three data ele-
ments: student enrollment, pupil-teacher ratios, and teacher attrition rates.
Demand projections for segments of the teacher population, such as sec-
ondary school teachers of mathematics and science, require the projection
of these data elements for the specific segments. For example, projecting
the demand for mathematics teachers requires, at a minimum, projections
of enrollment in mathematics classes, the expected size of mathematics
classes, and the attrition rate of mathematics teachers. The necessary
data for teacher demand projections vary in availability and reliability.
Pupil-teacher ratios vary with staffing patterns, class sizes, teaching loads,
course requirements, and course-taking patterns in science and mathemat-
ics. Meaningful projections of the consequences of course-taking patterns
or teacher attrition are typically less available than are projections of future
student enrollment. Statewide enrollment projections are more reliable
than those for local school districts. In general, the smaller the subset
projected, the lower the reliability.

STUDENT ENROLLMENT

The two main topics discussed in this section describe methods of
projecting student enrollment, based on either public-school enrollment
data or population data. The main features and limitations of both sources
of data are discussed. We then turn lo the other key components of
estimating demand for teacherspupil-_eacher ratios and attrition.

37
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Enrollment Projections Based on Student Enrollment Data

Projections of student enrollment, one of the three elements neces-
sary for projecting the demand for new teachers, are the easiest. IC42
enrollment projections are wkiely available. Most states and many local
districts produce enrollment projections, particularly for the public schouls,
although some states produce them for both public and private schools.
These projections typically follow a standard "cohort survival" methodology,
which uses observed enrollment ratios between grades to move ("survive")
classes ("cohorts") forward to the next level. If the state or school system
has low or constant levels of migration, then reliable projections by grade
are produced.

The National Center for Education Statistics (NCES) produces one-
year projections by state and nationwide projections for 10 years into the
future. Until 1988, NCES projected enrollments were for the public schools
only; projections for private schools began in 1989. NCES employs a mixed
model in which participation rates for kindergarten, grade 1, and special and
ungraded classes are calculated by applying recent public school enrollment
data, collected in its annual survey of the states, to age-specific population
estimates produced by the Census Bureau. The resultant rates are then
applied to projected populations of the appropriate ages (e.g., 5-year-olds
for kindergarten, 6-year-olds for first graders) to arrive at levels of future
enrollment for those grades and classes. Retention or grade progression
rates from the NCES annual survey are used to calculate grades 2 through
12. The NCES method of projecting enrollments is described more fully in
Part III of the panel's interim report (National Research Council, 1987c),
which discusses the components of the NCES model and those of six states.
The sources of data used by NCES are also described in the Guide to
Sources portion of the Digest of Education Statistics (National Center for
Education Statistics, 1988b:358-380).

Enrollment-based changes in the demand for public school teachers
below the national level are usually better obtained directly from actual
enrollment projections for the state or locality in question than from pro-
jections of the school-age population. The reason for preferring enrollment
projections at the subnational level is the difficulty of projecting internal
and foreign migration for subnational populations. Although birth and
death data for population projections are quite accurate, migration esti-
ma.es are les3 certain, especially as they must be allocated by age. Both the
uncertainty and the effect of migration are greater fox subnational aggre-
gations than for the entire country, yet no data are collected for interstate
or intrastate movement.

Enrollment projections, however, are typically based on annual cen-
suses of the school population that are taken for administrative purposes,
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including the allocation of state support. The bases for enrollment projec-
tions are therefore firm, and the grade progression ratios can be updated
annually as circumstances change. The changing circumstances include net
migration, which is picked up by the grade progression ratios.

Geographic Differences
in Projected K-12 Enrollment

There are great differences among regions of the United States, and
the localities within those regions, in prospective public school enrollment
change over the next 10 to 20 years. The nationally projected growth,
and expected eventual decline, in the 5- to 13-year-old population and the
current nationwide decline and subsequent slow growth in the 14- to 17-
year-old population are far from evenly distributed among states or within
states.

A well-known compendium of individual state enrollment projections
that shows the dramatically different demographic expectations among
states is produced by the Western Interstate Commission for Higher Ed-
ucation (WICHE) in cooperation with Thachers Insurance and Annuity
Association and the College Board. WICHE produces projections of n-,..n-
bers of high school graduates using 1(42 enrollment data provided by the
states and a cohort survival methodology. The authors do not attempt to
integrate the individual state projections into a valid national projection by
making explicit assumptions about migratory movements among the states,
although they do sum the projections into regional and a national totals.
However, recent migratory movements are embedded in the observed pro-
gression ratios for each state, which are used to move the enrollments
forward into the future. The WICHE projections illustrate the potential
for sharply divergent demographic futures in the difffIrent regions of the
nation and within states between 1986-91 and 2003-4.

In WICHE's 1988 set of projections (WICHE, 1988) the number of
high school graduates nationally has formed a "roller coaster" pattern since
the late 1970s, a pattern that will continue through the next decade. The
general roller coaster pattern reflects past birth patterns in the United
States, but it differs from region to region and from state to state. The
regional differences, the document's foreword explains, are due to "the
mobility of the population, varying economic conditions, and growth in
minority populations." The number of high school graduates is rojected
to decline for the North Central and Northeast states, while the West,
South, and South Central regions are projected to have little decline in the
mid-1990s and then will experience substantial growth (Tables 2.1 and 2.2).



TABLE 2.1 Projections of Numbers of High School Graduates, by Region, 1986-2004

South/
West South Central North Central Northeast United States

Total Index Total Index Total Index Total Index Total Index
(1985

-86 =
1.00)

(1985

-86 =
1.00)

(1985

-86 =
1.00)

(1085

-86 =
1.00)

(1985

-86 =
1.00)

1985-86 484.087 1.00 787,625 1.00 725,154 1.00 653,576 1.00 2,650,442 1.00
(actual)

1986-87 491,388 1.02 811,738 1.03 736,070 1.02 655,907 1.00 2,695,102 1.02
1987-88 521,196 1.08 828,325 1.05 754,949 1.04 663,718 1.02 2,768,189 1.04
1988-89 511,390 1.06 844,410 1.07 743,365 1.03 633,419 0.97 2,732,584 1.03
1989-90 489,118 1.01 816,646 1.04 699,696

r.D.,24,
588,978 0.30 2,594,438 0.98



1990-91 476,320 0.98 789,721 1.00 658,301 0.91 549,690 0.84 2,474,032 0.93
1991-92 482,357 1.00 776,433 0.99 646,083 0.89 536,181 0.82 2,441,054 0.92
1992-93 491,783 1.02 775,419 0.98 649,665 0.90 533,038 0.82 2,449,905 0.92
1993-94 507,053 1.05 773,386 0.98 638,514 0.88 526,875 0.81 2,445,839 0.92
1994-95 533,894 1.10 806,904 1.02 664,256 0.92 543,086 0.83 2,548,139 0.96
1995-96 545,922 1.13 816,731 1.04 669.621 0.92 549,291 0.84 2,580,565 0.97
1996 97 576,370 1.19 842,846 1.07 693,067 0.96 560,898 0.86 2,673,180 1.01
199 98 610,330 1.26 873,652 1.11 714,109 0.98 579,058 0.89 2,777,149 1.05
1998 99 633,952 1.31 876.221 1.11 700,108 0.97 575,946 0.88 2,786,228 1.05
1999

000 648,194 1.34 897,388 1.14 692,397 0.95 585,948 0.90 2,823,928 1.07
2000 01 651,979 1.35 882,837 1.12 671,897 0.93 583,661 0.89 2,790,373 1.05
200 02 670,094 1.38 890,685 1.13 672,312 0.93 590,783 0.90 2,823,772 1.07
2002 03 699,847 1.45 914,368 1.15 678,736 0.94 612,274 0.94 2,905,226 1.10

.0. [sic)
)-- 2003 04 709,680 1.47 914,023 1.16 665,277 0.92 623,114 0.96 2,912,094 1.10

Sou ce: Western Interstate Commission for Higher Education (1988:13).
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TABLE 2.2 Projected Proportion of Um'ed States High School Graduates, by
Region, 1986-2004

South! Total
South North North- United

West Central Central east States

1985-86 0.18 0.30 0.27 0.25 1.00
1986-87 0.18 0.30 0.27 0.24 1.00

1987-88 0.19 0.30 0.27 0.24 1.00

1988-89 0.19 0.31 0.27 0.23 1.00
1989-90 0.19 0.31 0.27 0.23 1.00
1990-91 0.19 0.32 0.27 0.22 1.00

1991-92 0.20 0.32 0.26 0.22 1.00
1992-93 0.20 0.32 0.27 0.22 1.00

1993-94 0.21 0.32 0.26 0.22 1.00

1994-95 0.21 0.32 0.26 0.21 1.00

1995-96 0.21 0.32 0.26 0.21 1.00
1996-97 0.22 0.32 0.26 0.21 1.00
1997-98 0.22 0.31 0.26 0.21 1.00
1998-99 0.23 0.51 0.25 0.21 1.00
1999-2000 0.23 0.32 0.25 0.21 1.00
2000-01 0.23 0.32 0.24 0.21 1.00
2001-02 0.24 0.32 0.24 0.21 1.00
2002-03 0.24 0.31 0.23 0.21 1.00
2003-04 0.24 0.31 0.23 0.21 1.00

Source: Western Interstate Commission for Higher Education (1988:13).

Local-Area Projections

The striking differences in enrollment-based demand projections among
the states are mirrored within states by differences among localides. Since
teacher labor markets have important local components (as the panel's
case studies suggest), it would be useful to be able to produce enrollment
projections for locai areas. One barrier to local enrollment p:jections is
the reliability of small-population projections that are needed to estimate
enrollment in kindergarten and the first grade. Fertility patterns can vary
locally, and births and deaths may be reported for an area different from
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school district boundaries. More important, the smaller the population, the
greater the potential influence of hard-to-predict mipration on future size
and distribution.

The difficulty of making reliable small-area projections is undoulitedly
one reason that few school districts appear to make projections beyond the
next year, if that far. However, standard enrollment projection techniques
would be adequate to give general magnitudes of change i all but the
smallest and least stable districts for 5 to 10 years into the future, longer
for the secondary level. State departments of education could make a
considerable contrfttion by encouraging school districts to project their
enrollment for 5 to 10 years in the future, providing technical guidance
in developing projections and coordinating their efforts. Properly done,
such projections could be combined in order to approximate likely levels of
enrollment-generated demand within teacher labor markets. Of course, es-
timation of attrition-generated demand and subject-specific demand would
require additional projection efforts.

1'opul5tion ProjectionsA Proxy for Enrollment Projections

Although the cohort survival method of projecting enrollment is widely
used in the education xnmunity, population prolections reveal some highly
inter . ing trends that could influence the demr ,tchers.

Using Census Population Projections
to Estimate K-12 Enmilment Demand

At the national level, projections of the population by age provide a
very good proxy for enrollment projections, especially if the interest is in
total enrollment demand and not just demand for public school teachers.
This is particularly true for the population age 5 to 13, which has close to
100 percent attendance, virtually all of it in grades K through 8.

Population projections have the advantage of greater simplicity than
enrollment projections, since assumptions about movement from grade to
grade or from public to private schools do not have to be made. National
projections of the population are updated by the Census Bureau every
several years, more often if the underlying assumptions prove incorrect.

The biggest disadvantage to using population projections as a substitute
for enrollment projections is that population projections take no account
01 possible changes in dropout rates, an important element of enrollment
projections for the secondary level. Using population projections as a proxy
for K-12 enrollment, in particular for grade 9-12 enrollment projections,
makes the implicit assumption that dropout rates will remain constaikt.

r; 5
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Since our present discussion is limited to a general overview of the
likely forces of change in the demand for teachers, our remarks on the
likely contribution of nationwide enrollment change to teacher demand are
based on population projections.

The national projections for the 5- to 17-year-old age group should
prove moderately accurate through the year 2000, as shown in Table 2.3.
Reliability declines toward the end of the 1990s, when the projections for
the age group begin to depend more on projections of births and less
on children already born. However, the fertility assumptions used in the
projection have been close to actual fertility so far, and there is little
reason to expect large changes in the fertility rates in the next few years.
The other factor that could lead to the divergence of the actual numbers
from those projectedinternational migrationis unlikely to cause major
discrepancies at the national level in the period and at the ages shown
in the table. The size of the U.S. population relative even to high levels
of migration, and the typical concentration of migration in the early auult
years, dampens the effect on the school-age population, at least in the short
and medium run. Interstate migration is, of course, not relevant to national
projections.

Recent projections by the Census Bureau show 12 percent growth for
thc school-age population in the United States between the middle 1930s
and the end of this century (Thble 2.3). The 5- to 17-year-old age group is
projected to grow by more than 5 million. However, as a result of past birth
patterns, the incrcase will not be distributed equally across the age group.
Until the end of this ccntury, most of the growth will occur at the younger
ages and will affect the elementary grades. The number of children age 5
to 13 is projected to increase by nearly 5 million, or 17 percent, by 1999.
After 1999 this age group is procteo to decline. By contrast, the numbcr
of young people age 14 to 17, the secondary school-age group, is projected
to decline 12 percent in thc 5 ycars between 1985 and 1990, a reduction of
1.8 million. Thereafter, the numbcr of secondary school-age children will
grow slowly but is not expected to re.;ain the 1985 level until 1997. More
rapid growth is projected for the early years of the next century.

The projected demographic changes in the school-age population will
have opposing potential effects on the nationwide demand for teachers,
increasing it at the elementary level and reducing it at the secondary
There could even bc a reduction in the absolute number of secondary school
teachers employed over the next few years. However, change in the number
of students is only one of the elements in the calculation of demand for
teachers. Teacher attrition and pupil-teacher ratios are the other important
factors in demand, although pupil-teacher ratios are probably as much
dependent on enrollment change as thcy are an independent factor. The

6
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TABLE 2.3 Projections of the United States School-Age Population to the Year
2000 (in thousands)

Age 5-13 Age 14-17 Age 5-17

Number Index Number Index Number Index
(000) (1985 (000) (1985 (000) (1985

= 1.00) = 1.00) = 1.00)

1985 29,654 1.00 14,731 1.00 44,385 1.00
(actual)

1986 29,922 1.01 14,588 0.99 44,510 1.00
1987 30,358 1.02 14,237 0.97 44,595 1.00
1988 30,954 1.04 13,662 0.93 44,616 1.01
1989 31,523 1.06 13,160 0.89 44,683 1.01
1990 32,189 1.09 12,050 0.88 45,139 1.02
1991 32,777 1.11 12,964 0.88 45,741 1.03
1992 33,400 1.13 13,087 0.89 46,487 1.05
1993 33,900 1.14 13,260 0.90 47,160 1.06
1994 34,193 1.15 13,714 0.93 47,907 1.08
1995 34,435 1.16 14,082 0.96 48,617 1.09
1996 34,598 1.17 14,513 0.99 49,111 1.11
1997 34,681 1.17 14,848 1.01 49,529 1.12
1998 34,668 1.17 15,027 1.02 49,695 1.12
1999 34,566 1.17 15,214 1.03 49,780 1.12
2000 34,382 1.16 15,381 1.04 49,763 1.12

Source: Bureau of the Census (1984a:43-74).

demand for teachers of specific disciplines, of course, depends on student
choice (or changing graduation requirements) as well.

The Changing Demographic Profile of the School-Age Population

Education planners and social observers have devoted considerable
attention to the changing demographics of the American population and .0
projections of large continued changes. The demographic changes referred
to are usually changes in ethnic composition and family circumstances,
especially increased proportions of children in single-parent families and/or

11111111/1111Maimarars



46 PRECOLLEGE SCIENCE AND MATHEMATICS TEACHERS

especially increased proportions of children in single-parent families and/or
with working mothers. Increased poverty levels among children are often
also at issue. The conclusion, sometimes stated explicitly and sometimes
left to the reader, is that these changes require urgent social and political
attention.

These changesin the relative size of elementary and secondary
school-age populations, in racial/ethnic composition, in income and pov-
ertyare interesting and relevant considerations attendant on the demand
for teachers. They do not emerge P-om enrollment projections, but rather
through population projections. We first talk about broad population fac-
tors, demographic trends that influence demand. Then we return to the
use of enrollment projections in models of teacher supply and demand.

Projecting Changes in Race and Ethnicity. Expected change in the eth-
nic distribution of school-age children in America is of interest for our
discussion only insofar as youngsters of the different categories may be
expected to have differential patterns of enrollment in mathemati(s and
science courses or require different strategies of teaching than are used
currently. However, the link between ethnic and racial identity and school-
related characteristics or needs is not a clear one, particularly over the long
run. Unless there is reason to believe that racial and ethnic groups will
retain currently observed particular needs over the long run, projecting the
racial and ethnic distribution of the school-age population, or of school
enrollment, is of little utility for planning curricular or other change for
science and mathematics.

Very often, the effect of racial and ethnic change, especially the effect
of the projected increases in the proportion of the population of Hispanic
and Asian origin, is confounded with the effects of migrationfor example,
an increase in the number of students with limited ability to speak English
or from families with the low educational levels characteristic of Latin
America and much of Southeast Asia. This confusion is bemusing in a
country that has seen the children and grandchildren of poor, illiterate
immigrants from Southern and Eastern Europepeople viewed as forever
unassimilable 75 years agobecome thoroughly assimilated Americans.

Changes in racial and ethnic distribution per se may be the least
reason for expectations of changed enrollment patterns in science and
mathematics or for planning changes in curricular and teaching strategies.
However, because of the great public interest in ethnic change, we explore
the feasibility of racial and ethnic projections and consider the results of
recent projections.

As noted earlier, standard population projections require a base popu-
lation and assumed rates of fertility, mortality, and migration for each age.
The decennial census counts the black population with reasonable accuracy,
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at least for most public policy analysis purposes. Vital statistics are virtually
universally collected by race, including birth and death records. Estimating
migration by race is more troublesome, but sufficient data exist to develop
estimates of base populations by race between censuses and to develop
assumptions for projections. It is feasible to project the black population
and the white population, although, as with all subcategory projections,
such projections will tend to be somewhat less reliable than projections
of the total population. Other racial groups are more difficult to estimate
because of small numbers and, in the case of Asians, very high rates of
foreign migration.

Projections of nonracial ethnic populations are more difficult. On the
whole, ethnic identity has been gathered only sporadically in either the
census or in vital statistics. Even were a group tc arrive all at once, thereby
providing a clear base population, and subsequently maintain accurate birth
and death records, the accuracy of zny long-range projection would be in
doubt because of the likelihood of intermarriage and the lack of an agreed-
on definition of ethnic identity for the children. The reasons underlying
the questionable feasibility of ethnic projections also raise the question of
their meaningfulness for social or educational policy planning.

Because of the interest in the rapid increase in population from Mexico
and Central and South America, numerous projections of the Hispanic pop-
ulation have been produced. The Census Bweau first asked respondents
to identify themselves as Hispanic or non-Hispanic in the 1980 census.
The states with the bulk of the U.S. Hispanic population began to ask
Hispanic identity for birth and death certificates around 1980 as well. The
d'ita collection efforts since 1980 provide a base population for projecting
Hispanics, as well as fertility and mortality rates. Migration estimates can
also be made, although with only very modest reliability. Given the im-
portance of migration for determining the size of the Hispanic population,
this is a decided disadvantage. More problematic for long-range projection
purposes is the lack of a socially agreed-on ethnic identity for the children
of marriages in which only one partner is identified as Hispanic.

Results of Racial and Ethnic Projections. The following discussion ex-
amines the results of ethnic and racial estimates and projections for the
national population by age. In the last two decades, the proportion of
American youngsters from non-Hispanic white backgrounds has decreased
nationwide and the proportion from Hispanic and from nonwhite back-
grounds has risen. This shift is projected to continue, although, as shown
in Table 2.4 and described below, the change will be relatively modest at
the national level.

In 1970 the census recorded that 13.5 percent of the population age
5 to 17 was black. The proportion rose to 14.8 percent in 1980 and by
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TABLE 2.4 Estimates and Projections of the U.S. Population of 5- to I7-Year-Olds,
1970-2000 (in thousands), with Dier.ribution by Race/Ethnic Group

White
(includ- Per- Per- Per-
ing cent- cent- cent-
Hispanic) age Black age ()theta age Total

1970 44,752 85.2 7,082 13.5 695 1.3 52,529

1980 39,184 82.6 S,009 14.8 1,215 2.6 47,408

1986 36,533 80.9 8,958 15.4 1,653 3.7 45,144

2000 38,569 79.0 7,895 16.2 2,351 4.8 48,815

(projected)

A Largely Asian, Pacific Islander, and Native American.

Sources: Bureau of the Census (1987:2; 1989:15).

1986 it was estimated, on the basis of vital records, to be 15.4 percent.
The most recent projection is that the population age 5 to 17 will be 16.2
percent black in 2000. The proportion of the 5- to 17-year-old age group
reported to be of "other" races, largely Asian, rose from 1.3 percent in
1970 to 2.6 percent in 1980. In 1986 it was estimated to be 3.7 percent
and in 2000 it is projected to be 4.8 percent. The proportion white fell
from 85.2 percent in 1970 to 82.6 percent in 1980; it was estimated to be
80.9 percent in 1986 and is projected to be 79 percent in 2000. If these
projections are correct, the proportion of school-age children who are white
would drop by 6 percentage points in the 30-year period from 1970 to 2000.
However, data for the white population includes a growing proportion

Hispanic ethnic groups. The shifts in ethnic distribution are not
evenly distributed across the country, but are concentrated in certain areas
of the country. The proportion Hispanic has increased rapidly in California
and other parts of the Southwest, mostly due to immigration, although the
Hispanic population also has higher fertility. Asian migration has also been
concentrated in a few locations. California and New York City have been
the destinations of choice for the majority of Asian immigrants.

The increase in the numbers of immigrants from these two groups
is part of an increase in migration to levels not seen in many decades.
This increase and the concentration of immigrants in certain areas have
heightened the general awarene&s of shift,' ra,:ial and ethnic composition,
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which are real but less dramatic nationally than might be supposed from the
level of popular interest. Providing an adequate education for immigrants
and their children is a crucial concern for the schools, especially in areas
of heavy influx. It is less clear how important the ethnic shifts, in and of
themselves, will be to the schools in the future.

Family Structure and Changes in Poverty Rate for Children. Other shifts
in the characteristics of school-age children may be of far more importance
to science and mathematics enrollment, as well as to the curriculum that
teachers should be prepared to teach, than changes in racial and ethnic
distribution. These include changes in family structure, specifically the
increase in the proportion of children in single-parent families, and the
increase in the proportion of children living in poor families.

Data as of 1985 showed that 16 percent of all white children, 43 percent
of all black children, and 40 percent of children of Spanish origin were
reported to be living in poor families (Bureau of the Census, 1986:22). The
rate of family poverty among all children rose during the 1970s and early
1980s, wiping out gains made in the 1960s. The poverty rate for children
was 20.1 percent in 1985, compared with a low of 13.8 percent in 1969
(Bureau of the Census, 1986:22).

During roughly the same period-1970 to 1984Current Population
Reports revealed that the percentage of children living in single-parent
families doubled (Bureau of the Cersus, 1984b:4). In 1984, 22.6 percent of
children under 18 were living with one parent, compared with 11.9 percent
in 1970 (Bureau of the Census, 1984b:4). In 1984, over half of all black
children lived with only one parent, compared with one-sixth of all white
chUrerg. Among children of Spanish origin, one of every four lived with
one parent.

As has been relentlessly demonstrated in innumerable studies, poor
children, so many of whom live in one-parent families, are at risk oi school
failure because of multiple disadvantages, which may include the lack of
adequate housing, or any housing at all; frequent moves from school to
school; less than sufficient food; inferior medical care; a total lack of dental
care; exposure to criminal behavior in deteriorating neighborhoods; and the
stress that accompanies the struggle of the adults in the family to survive.

Projections of the proportion of children living with one parent can
be made with moderate reliability using current data; the proportion liv-
ing in poverty requires assumptions about the economy as well and are
therefore less easy to construct, or at least less easy to construct with any
reliability. '1 ne nature of the effect of family poverty and family structure
on academic achievement and, more specifically, on the demand for science
and mathematics instruction is less well understood. The subject is of great
social importance, given the large numbers of children involved, and we
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hope that the links will be better understood in the future. However, at
present, not enonh is known to be useful in constructing projections of
demand for science and mathematics teachers.

To summarize, there are interesting and relevant trends that emerge
from population projections, which should be included in any statistical
description of the changing demand for teachers. However, for purposes
of projecting demand for precollege science and mathematics teachers, the
education community generally finds enrollment-based projections more
useful

Research Areas Related to Student Enrollment

Methods employed in current teacher demand mot,z1s, specifically the
cohort survival methodology used to project efsrollrnents, are relatively
reliable. However, for longer-term projections, particularly at the high
school level, and for specific subjects within science and mathematics fields,
enrollment projections are less reliable due to the impact of changes in the
behavior of students, parents, and school systems. The utility of demand
models for addressing policy issues concerning science and mathematics
education over the long term would be greatly enhanced by the development
of more dynamic, behaviorally responsive models. We discuss three types
of behavioral responses that need to be understood to develop more useful
models of teacher demand. They are determinants of course selection by
students, determinants of parental and student preferences for public and
private schooling, and changes in dropout rates that can be expected in
response to social, economic, and educational changes. We discuss them
in the order of their priority as we assess the relative importance of each
topic to teacher demand projections and the relative gains that could be
expected from research.

As the panel's interim reported stated (National Research Council,
1987c:49), research on the determinants of course selection by students is
critical to the development of useful projections for broad subject cate-
gories, including science and mathematics, at the high school (and possibly
middle school) level. This is an area about which we know very little. Many
factors can influence students' choice of courses, including high school grad-
uation requirements, college entrance requirements, government (including
federal and state) support for science and mathematics education that mo-
tivates schools to encourage enrollment in these subjects, and fashions
or tastes on the part of students and their parents and peers for certain
subjects.

Given that most current models focus on public school demand (al-
though the National Center for Education Statistics model develops sep-
arate public and private school projections), another important area for
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research concerns the determinants of parental and student preferences
for private and public schooling (National Research Council, 1987c:49).
Nationwide, private elementary and secondary school enrollment was 11.5
percent of the total in 1980, but had grown to 12.5 7ercent by fall 1987
(NCES, 1988b:9). Changing preferences for private school enrollment, a
topic about which almost nothing is known, can importantly affect public
school demand. Particularly in today's educational climate, when private
schools are perceived by some parents to offer a more attractivc ec.!--ikational
environment than public schools, research into the factors that influence
the choice of type of school is needed.

One type of response that affects demand projections at the high
school level is the dropout rate (National Research Council, 1987c:50). We
know a good deal from previous research about why students drop out of
school Work is needed, however, on changes in dropout rates that can
be expected in response to a variety of social, economic, and educational
changes. For example, the changing ethnic composition of the school-age
population in many areas of the country may dramatically affect dropout
rates in those areas. Increased high school graduation requ::ments may
increase dropout rates as a side effect of raising educational levels for those
who stay in schooL

PUPIL-TEACHER RATIOS

Enrollment change does not translate immediately into a corresponding
proportional change in the demand for teachers. As a recent RAND report
assessing teacher supply and demand explained, "adjustments are made to
pupil-teacher ratios to smooth the effects of rapid enrollment changes, to
accommodate established school staffing patterrs and budgets, and to take
into account existing contractual agreements with teachers, in the case of
enrollment declines" (Haggstrom et al., 1988:37).

A small change in pupil-teacher ratio can cause a significant change
in the projected demand for teachers. Changes in pupil-teacher ratios can
be caused by a number of factors at the school, district, or state level:
changes in school budgets; staffing patterns, class sizes, or teaching loads;
graduation or program requirements; and course offerings. A layering of
school, district, and state policies may add to the complexity of factors that
change the ratio and the demand for teachers. Even though these factors
are complex, they should be identified and discussed briefly as components
of teacher demand (Haggstrom et al, 1988:37-38).
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Components of Dacher Demand and Related Data

Changes in school budgets can cause changes in staffing practices, class
sizes, and teaching loads. The district's allocation of its budget among its
many needs for staff, materials, and services affects the pupil-teacher ratio
generally as well as specific programs or subjects. In one of the panel's case
studies of a school system in a western state, the district filed for bankruptcy
following a teachers' strike. This led district officials to make conservative
estimates of the number of itudents expected to be enrolled and hence
the number of teachers needed. An overestimated enrollment could cost
the district roughly $1,000 per student, it was thought. The tendency to
underestimate enrollment and therefore the number of teaching positions
has had various effects: raising pupil-teacher ratios, straining teaching
loads, or eliminating such support as department chairmanships or resource
teachers in disciplines such as mathematics.

Implementation of a school finance formula that changes a district's
proportion of local discretionary resources can also affect pupil-teacher
ratios. The panel's case studies found that, although some school districts in
a southeastern state had enough local discretionary funds to hire additional
teachers (part time or full time) in computer science or other sub?cts,
other districts in the state had very little. Local discretionary moneyif the
district knew the amount far enough in advancecould be used to sign an
early contract with a talented candidate for a mathematics resource teacher
or an elementary science teacher, for example. Loss of that opportunity
could mean leaving the position unfilled. These examples suggest how the
budget can directly affect the ability to hire and can substantially affect the
pupil-teacher ratio for certain subjects, and ultimately general pupil-teacher
ratios.

Changes in staffing patterns, clays sizes, or teaching loads may be pro-
mulgated oy a district rule or policy change, by state policyor by both,
as when a district rule extends beyond a state requirement. These can
cause an immediate change in pupil-teacher ratios and in the demand for
teachers. A district requirement to employ a full-time guidance counselor
in every elementary school, without full additional funding to do so, could
strain staffing patterns elsewhere in the school and indirectly push up the
pupil-teacher ratio. The Schools and Staffing Surve., ;SASS), recently ini-
tiated by NCES and first fielded in 1988, collects information on staffing
patterns, class sizes, and teaching loads. The second SASS survey will be
conducted in 1991 and at regular intervals thereafter. As a time series
of data becomes available, it will be possible to monitor changes in these
variables over time. SASS includes a teacher demand and shortage ques-
tionnaire for public school districts and private schools, as well as a school
administrator questionnaire for public school principals and private school
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heads. It also includes a teacher questionnaire and a teacher follow-up
snrvey: a one-year foilow-up survey of the sample teachers who have left
teaching and some who have remained. This ongoing, integrated survey ef-
fort has been designed to provide the most comprehensive data on teacher
demand and supply available to date. Although we mention the survey
frequently as a potential data source, as with all new surveys, the extent to
which it will live up to its expectation cannot be known until policy makers
and the research community have used the data in a variety of analyses.

Cour.ve requirements in science and mathematics for graduation (usually
established by the state) clearly affect pupil-teacher ratios. As an example
of such policies and responses that can cause changes in pupil-teacher
ratios, most states and school districts have increased their graduation
requirements since 1980 (NCES, 1988c), often adding additional science
and mathematics course requirements. The Center for Policy Research in
Education (CPRE) reports that since 1983, 42 states have added course
credit requirements in science, mathematics, or both (CPRE, 1989). NCES
has found, through its Fast Response Survey System, that the state re-
quirements are often exceeded by the requirements of individual districts
(personal communication, M. Papageorgiou, NCES, June 7, 1989). Unless
more teachers are assigned or hired to teach science and mathematics, the
pupil-teacher ratio for these subject areas clearly increases.

Some nationally collected data on high school graduation requirements
are available on a regular basis. The Education Commission of the States
(ECS) and the Council of Chief State School Officers publish information
periodically on state-mandated high school graduation requirements. They
track mathematics and science as general categories, however, listing only
the number of courses or years of science and mathematics that are required
for graduation.

SASS includes an item in the teacher demand and shortage question-
naire for public school districts on lith school graduation requirements, by
subject (physical and biological sciences, mathematics/computer science).
It asks for changes in these requirements between 1987 and 1988. Future
SASS results will reveal changes in requirements over longer time spans.

Course offerings and enrolbnents also influence pupil-teacher ratios.
Whereas requirements clearly help determine what courses high school
students takeand the demand for teachers of those subjectsan impor-
tant constraint is whether the required courses are actually offered. For
example, only a few schools offer a complete range of college-preparatory
mathematics and science courses; a physics course might be offered only
every other year. And very few students are enrolled in the most advanced
courses.

Course offerings and enrollments by school, school system, and state
emerge as an important variable. Course offering data could serve as an
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excellent indicator of science and mathematics demand by either students
or state requirement Course offerings and enrollments would contribute
toward indicating change in demand over time, by size of school and
school system, by other relevant school district characteristics, and by state,
especially when state graduation requirements for science and mathematics
courses have changed. Course offerings and enrollment would also permit
analysis of the degree of school response in terms of teacher assignment.
The extent to which teachers need to teach more than a single subject
could be noted. Some data related to course offerings and enrollments by
school system and school are being gathered nationally.

The 1985-86 National Survey of Science and Mathematics Education
(Weiss, 1987) provides the most recent comprehensive data on course of-
ferings. Data on course offerings are also included in (1) the longitudinal
study High School and Beyond, (2) in the National Educational Longitudi-
nal Study of 1988 (NELS:88) (for middle schools and junior high schools),
and (3) for students age 9, 13, and 17 in the National Assessment of
Educational Progress (NAEP) in those years when science or mathematics
achievement are assessed. While data from these surveys are disaggregated
by specific subject areas, they are conducted infrequently.

The data on course offerings and course enrollments are "plagued
with inconsistencies," according to a recent report on elementary and
secondary science education (Office of Technology Assessment, 1988:42).
Course titles often are not a reliable basis for comparisons among schools,
states, or years. Moreover, soh.e advanced courses are offered not by the
high school but by the community college, and there are no national data
available on this practice. National data do not show how often a physics
course is given. Nor do we know how many sections of a given course
are taught. These data may change, as well, from year to year in a single
school.

NELS:88 asks middle schools and junior high schools for data on nu-
merous courses and whether they are offered. In a more detailed format,
questions on course offerings are included in the SASS teacher question-
naire. Given a probability sample of teachers by fields (as is the case for the
teacher sample), it should be possible to estimate the prevalence of course
offerings and trends in course offerings (including science and mathematics
offerings) at national and regional levels.

Finally, course offerings could serve as a basis for drawing samples
to test for varied working conditions, recruitment patterns, and range of
initial assignments possible among school systems. Vacancies matched to
schools classified by offerings might indicate conditions of low retention.
The SASS questionnaire of local education agencies (LEAs) asks district
administrators for the total number of positions that are either vacant, filled
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by a substitute, or withdrawn for lack of a suitable candidate; this total is
disaggregated by subject.

Research on Determinants of Pupil-Thacher Ratios

A closer analysis of often interrelated factors that influence pupil-
teacher ratios is a rich ari .. for further research. As noted earlier, in
most models pupil-teacher ratios are estimated in a relatively arbitrary
way. But numerous factors operate and interact to cause changes in pupil-
teacher ratios for science and mathematics subjects and in general. And we
suspect that certain types of dynamics in teacher markets (e.g., declining
enrollments or increased school budget) may be associated with declining
pupil-teacher ratios. Other conditions (e.g., surging enrollments, budget
cutbacks) are associated with rising pupil-teacher ratios. Since that ratio
is so critical to an assessment of the demand for teachers, research on its
determinants is needed.

The factors that can change pupil-teacher ratios affect adjustments over
both short-term and long-term periods, although short-term adjustments
differ from longer-term ones (National Research Council, 1987c:A). For
example, a shortage situation may result in a marked increase in pupil-
teacher ratios until the school system has had time to implement responses,
such as extended recruitment or hiring teacher aides.

A common practice in projecting the demand for teachers is to project
the increase in enrollment and to divide it by the current pupil-teacher
ratio to calculate the number of additional teachers needed to provide for
the enrollment increase (National Education Association, 1987f:14). But
an assumption that using the current, general pupil-teacher utio reflects
accurately the number of teachers is too simplistic; enrollment changes
affect pupil-teacher ratios in more indirect ways. For example, resea.ch
suggests that, when enrollments decline, teacher unions may be willing to
forgo salary increases to keep current teachers employed (Cavin et al.,
1985; noted in Haggstrom et aL, 1988:42). Despite enrollment declines,
school boards may decide not to lay off staff in science and mathematics
if they have had difficulty hiring them in the past, or if they feel it will be
hard to find qualified teachers of certain subjects in the future (Prowda
and Grissmer, 1986:12).

Moreover, supply-demand projectio 'or precollege science and math-
ematics teachers will be far more meaningful if both enrollments and
pupil-teacher ratios are disaggregated by subject area. In Connecticut, for
example, secondary enrollments have been declining, but the demand for
secondary science and mathematics teachers is steady or may increase be-
cause of increased graduation requirements in these subjects, coupled with
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decisions made (influenced by budgetary considerations) to decrease class
sizes (Prowda and Grissmer, 1986:12).

There is reason to believe that pupil-teacher ratio is a dependent as
well as an independent factor in the creation of demand. In periods of
enrollment growth and teacher or financial shortages, the ratio (or class
size) can be increased. When demand slackens, if all "surplus" teachers are
not let go, then the ratio drops. A history of these coping responses would
be extremely useful in developing better assumptions about pupil-teacher
ratios for demand models than the assumption that the current, general
pupil-teacher ratio is adequate. The development of demand models for
science and mathematics teachers would require similar information on the
history of class size responses to teacher shortages or surpluses within these
disciplines, a formidable undertaking but necessary for really well-defined
models.

In sum, we continue to recommend, as we did in our interim report,
that research be conducted on the determinants of pupil-teacher ratios,
including research on adjustment lags as enrollments change and on how
changes in demand for courses contribute to changes in these ratios and in
the demand for teachers of science and mathematics.

TEACHER ATTRITION RATES

The third major element in the construction of teacher demand models
is the rate at which teachers leave their jobs. It should be noted that
teacher attrition is largely a supply phenomenon, reflecting the decisions
of individual teachers. In Chapters 3 and 4 we treat attrition as a supply
variable, but here it is natural to think of it as resulting in a demand for
new teachers.

One part of the leaving rateretirement--is fairly easy to model, if
data on the teaching force by age are available and if something is known
about the typical ages at which teachers retire. Rates of attrition for other
reasons are much less easy to determine. Some of this information exists in
school records, but it must be gathered and put into forms usable by those
developing models. In aggregating attrition data gathered from school
districts it is important to avoid double counting, since what is attrition to
one district might be a new hire to another.

The Connecticut model of teacher supply and demand revealed how
important age is in estimating attrition rates (Prowda and Grissmer, 1986):
"We have noted high early career attrition rates, low mid-career attrition,
and high attrition around 60 and 65 years old" (p.1). It is likely that
attrition rates change over time, reflecting the numbers of teachers hired
in a given year or period (high attrition rates may bc observed soon after).
A RAND study of teacher attrition found a similar U-shaped pattern of
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attrition in Illinois, Michigan, New York, and Utah (Grissmer and Kirby,
1987:36-38). Higher attrition rates were found among newly hired teachers
than among other groups, including those eligible to retire.

In addition to reflecting age or years of experience, calculating attrition
for mathematics and science teachers requires gathering the necessary data
by specific field, a considerably more demanding task than obtaining the
data for the entire teaching force. There are studies that have gatherea
discipline-specific data (Murnane and Olsen, 1989a, 1990b; Grissmer and
Kirby, 1987), but these data have not often, if at all, been used in the
develop. .ent of teacher demand models (or supply models in which they
would also be of use). As part of the fifth follow-up of participants in
the Natonal Longitudinal Study of 1972, completed in 1986, a lbaching
Supplement Questionnakre was sent to sample members who were teach.
ers, former teachers, and those who had been trained to teach but had
not taught. Information from the survey included detailed professional
and personal histories that could be used for analyses of attrition patterns
during the early part of their careers, from 1977 to 1986. Heyns (1988)
analyzed the data, but results were tiot reported by field of discipline. The
SASS questionnr .:es were designed to provide nationa: aata on teacher at-
trition by field. The SASS public school questionnaire asks for the number
of teachers, by field, who left in the previous year and their destinations.
However, due to low response rates for these items, researchers have to de-
pend on the SASS teacher follow-up survey of former .,..achers (conducte'l
in 1988-89) for estimates of attrition by field. NCES staff is exploring ally,-
native ways of obtaining better attrition data. The follow-up survey, which
also asks for the destinations of leavers, is expected to provide national
attrition rates by field.

Attrition has important demographic elements, in part because so much
of it is caused by rethement. Since sometning is known of the demographic
profile of the teaching force, it is possible to estimate the likely general
trend of attrition in the future, which is almost certain to be on the rise.
In much of the country, low rates of new hires over the past 10 years and
reductions in force, with the newest teachers being the ones let go, have
ieft a relatively senior task force. Table 2.5 shows an upward trend from
1976 to 1986 in the proportion of current teachers who are age 40 and
over (from 34.6 to :)1.3 percent) and who are age 50 and over (from 15.5
to 21.2 percent). A rise in the rate of letirements will, of course, increase
attrition. In addition, evidence noted earlier points to particularly high
levels of attrition in the early years of teachers' careers.

In order to forecast attrition adequately, more information is needed
not only on the distribution of teachers by age, but also by disciplinary
area and level of preparation, and on the current attrition levels within
those categories. It wonld also be useful to have a better understanding
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TABLE 2.5 Age Distribution of U.S. Public School Teachers, 1961498E

1961 1966 1971 1976 1981 1986

Years

Mean 42 39 38 36 39 41
Median 41 36 35 33 37 40

Under age
30 2 33.9% 37.1% 37.1% 18.7% 11.0%
Age 30-39 2 22.8 22.8 28.3 38.8 37.7
Age 40-49 a 17.5 17.8 19.1 23.1 30 1
Age 50

and over 2 25.8 22.3 15.5 19.4 21.2

2 Subgrcup data not available.

Source: National Education Association (1987e:73).

of why attrition differs for the Oifferent categories, if it does, so that more
reliable assumptions can be developed for projection models. These issues
are discussed in more detail in Chapters 3 and 4, which focus on supply.

SUMMARY

The demand for -^chers, as we have indicaLd, depends on enrollment
changes, both generally and in mathematics and science courses. The
demand for teachers also depenth .in changes in pupil-teacher ratios,
caused by changes in staf: lg patterns, claFs size, teaching loads, course
requirements, and course offerings in mathernee-, and science. In addition,
a school district's demand for new science and lacithematics teachers in a
given hiring season also depends on the number of vacancies in those
subjects. The number of vacancies results not only from the creation of
new positions, but also from teacher attrition, a component of supply.

In general, the panel considers the data available for projecting de-
mand to be more adequate than data for projecting supply. The task of
projecting enrollment-driven demand for science and mathematics teachers
is relatively stra igh tforwa rd.

70
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There is a small number of significant gaps, however, in data related
to demand, and the Fanel recommends collecting data to fill these gaps.
Forecasting the demand for science and mathematics teachers particularly
could be improved by better data on the following variables:

Course-taking behavior in high school. Data on state-mandated high
school course requirements, collected regularly over time and by science
or mathematics subject, could suggest changes in demand for teachers of
various types or levels of courses. School district requirements often exceed
state requirements, but with both state and district data we could begin to
trace how changes in course requirements stimulate changes in demand for
secondary science and mathematics teachers.

.;lianges in course offerings in science and mathematics. Changes in
courst. offerings can change the demand for science and mathematics
teachers and can identify the need for teachers with special skills,. for
example, ability to teach advanced placement physics.

Enrollment changes disaggregated into science and mathematics course
enrollments. Better data on this aspect of course-taking behavior, in con-
junction with changes in course requirements, would strengthen the demand
component of projection models.

Data on attrition for reasons other than retirement by field. Attrition by
retirement is relatively well known. For other types of attrition, further
analysis of the NLS-72 follow-up of teachers and former teachers should
provide more insight into patterns of attrition during the early years of a
reaching career (Heyns, 1988). The best source for obtaining new nonre-
tirement attrition data will be SASS, which has recently experimented with
questions on attrition by field, although the item response rate was low.
High priority should be given to collecting attrition data because they are
essential to both demand and supply models. The panel urges that NCES
redesign the SASS questions on attrition and subject them to a thorough
pilot test before using them. When combined with other SASS data on
teachers, the attrition data could help answer questions such as: Among
mathematics teachers and science teachers who leave earlier in their ca-
reers, how many had taught advanced courses? Introductory-level courses?
In high school or middle schcol? The demand created by such patterns
will thus be better known, and a closer fit may be possible in filling the
deman l.

In addition, research is suggested on the behavioral factors that influ-
ence the demand for teachers, particularly teachers of science and mathe-
matics in the higher grades, .-. Ai use in development of improved models for
longer-term projections. Among the research areas noted are the behav-
ioral determinants behind course selection, factors that influence dropout
rates, influences on parents' choice of public versus private schools, and the
relationship between demand for certain courses and pupil-teacher ratios.
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3
Determining Supply:

Individual and District Activities

Each year between 5 and 10 percent of the nation's public school
teachers leave the profession. Some leave permanently; some leave tem-
porarily; and they leave for a variety of reasonsto take a different job, to
pursue further education, to start a family, etc. What this means, however,
is that every year between 100,000 and 200,000 replacements are needed to
fill those vacancies, although the actual number is not known. From where
do these teachers come?

The panel attempted to answer that question, particularly for secondary
school science and mathematics teachers, by looking at three sources of
evidence: (1) state and national models of teacher supply and demand;
(2) in-depth case studies of classroom teacher recruitment in a number
of school districts; and (3) insights obtained through a conference on
professional personnel systems in large school districts.

In this chapter we first discuss what constitutes supplycontinuing and
new science and mathematics teachersand their incentives and decisions
about teaching along stages in their career paths. We then look at supply
from the district viewpoint, from which widely varied policies for recruiting,
screening, and selecting teachers cause variations in the adequacy and the
quality of the supply of teachers available to different districts.

THE COMPONENTS OF SUPPLY

The supply of teachers for the coming school year is a relationship
between the number of qualified individuals who would be willing to teach
and such incentives as the salaries, benefits, retirement programs, working
conditions offered by school districts, and other alternative career opportu-
nities. Idea'ly, it would be desirable to have a behavioral model of supply
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that would take into account the interaction and interdependence of awide range of variables and could help answer such questions as hOW many
teachers can be expected to quit in response to a change in retirement
policy, or how nrny former teachers can be expected to reenter if salaries
are raised by a certain amount.

Policy makers frequently ask questions about the likely impacts ofvarious education policy actions and socioeconomic forces on prospective
teacher supply and demand. Tb address such questions requires a capacityto project supply and demand under varying assumptions about future
circumstances. In turn, this capability requires the development of modelsthat are both behavioral and dynamic. By this we mean models that capture
relationships between variables in the environment and the behavior ofactors in the edumtional system, and in particular capture relationships
between changes in circumstances and subsequent changes in the numbersand kinds of people interested in obtaining teaching positions or in the
numbers and kinds of teachers demanded by school systems.

Before such models can be developed, additional research on therelation between incentives and supply and between variables in the en-vironment and supply, as well as additional data to support the models,
will be needed. The national and state models examined by the panel are
projection models based on extrapolations of current conditions or histor-
ical trends, although some use refinements such as age and field-specificattrition rates in projections of continuing teachers and consideration of
a broader range of new supply sources. In practice, these models try toestimate the number who will be available from each of the two major
components of supply: continuing teachersteachers who are teaching this
year and will continue to teach next year in the same locationand newentrants. There is a continuous flow of teachers into and out of the teach-
ing force, as shown in Figum 3.1. This diagram can apply to the nation,
a state, a school district, or to special groups of schools such as rural orinner city schools, or to special types of teachers such as science teachers,
mathematics teachers, or minority teachers.

Continuing Teachers

The most important element of teacher supply during a given yearis the retention of people returning from the prior year. lb obtain that
component of teacher supply, we need to know the attrition between the two
years. However, the attrition rate is a complex function depending on the
various incentives that cause teachers to retire, to move to another school,or to leave teaching for other careers including homemaking. In practice,
the method typically used in current models involves makingan assumption
about attrition rates, sometimes adjusted for trend and sometimes not. For
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many years the model used by the National Center for Education Statk tics
for the intermediate set of projections used an attrition rate of 6 percmt
based on survey data that were collected by NCES in 1968 (Metz a.td
Fleischman, 1974). In 1987 NCES used an estimated turnover rate of 7.5
percent for elementary teachers and 6.5 percent for secondary teachers
(CES, 1987a:46). The results of the Schools and Staffing Survey (SASS)
should provide a basis for more accurate attrition rates.

In state models, the supply due to retention can be estimated in a more
satisfactory way, since states generally have information on the attrition rate
for teachers in the state for the prior year and assume that the rate will be
the same in the current year. However, attrition levels vary from state to
state and over time. Attrition for states is different from national attrition,
since the former includes teachers who move to other states and continue in
teaching. Some states also have the information to compute more refined
attrition rates, such as for different age groups of teachers and for different
subject fields. (Evidence from these states shows that as the teaching stock
ages, the average attrition rate will change.) Interestingly, attrition rates
in these states for teachers of science and mathematics are not noticeably
different from rates of teacher attrition in other fields. Tables 3.1 and 3.2
show retention rates for public school teachers in the states of Illinois and
New York for mathematics, science, and the total for all subjects. (As we
point out later, the lack of difference in rates by subject may be due to the
influences of general enrollment declines during the early 1980s.)

TABLE 3.1 Retention Rates for Illinois Public School Teachers
1977-1984 (Percentage Retained in Consecutive Years)

Year Primary
G rades

;PreK-8)

Secondary Grades (9-12)

Mathematics Smence AU

Subjects

1977-1978 90.5 91 7 92.1 00.8
1978-1979 90 4 91 7 92.3 90 2
1979-1980 91 6 92 3 90 5 91.9
1980-1g1 91.8 92 5 92.5 92.1
1981-182 92 6 93 0 93 8 93.3
1982- 1983 92 5 94 6 94 5 93 0
1985-1984 93 5 n.a. n a 93.4

Note: Data are for downstate schools only (1 e., all school districts except the
Chicago Pubhc Schools) This table shows retention rates of teachers, however, the
source publication shows attrition rates, i e., 100 = the retention rate

Source. Illinois State Board of Education (103. Tables 2 and 3, 1985b Table 8).
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TABLE 3.2 Age-Specif:- Retention Rates of New York Public Secondary School
Teachers (grades 7-12) in 1984 (Percentage Retained from 1983)

Age Mathematics Science
All Secondary
Subjects

Under 35 90.6 89.9 89.2
35-39 94.1 95.6 94.4
40-44 94.9 95.6 94.8
45-49 95.8 95.8 95.2
50-54 91.9 93.0 92.0
55-59 84.2 84.0 83.5
60 and over 73.2 69.1 70.2

Total all ages 92.4 92.7 91.6

Source: New York State Education Department (1985a).

New Entrants

The more difficult part of modeling teacher supply consists of pre-
dicting the potential willingness of people who were not teaching last year
tc enter the teaching force. In Figure 3.1 we have labeled all sources
of teacher supply other than continuing teachers as "new entrants" or
"reentrants." Major categories under the heading of new entrants include
newly certified peisons, persons with previous teaching experience and
certification (i.e., reentrantspeople who come from the so-called reserve
pool of teachers), persons hired through some alternative or emergency
certification procedure, and in-migrants.

The major categories can be brokeri down into yet finer components.
Newly certified persons may be either newly certified graduates of teacher
training programs or newly certified graduates with other majors. Experi-
enced teachers may have been on leave or layoff, they may have entered
other careers (including homemaking); they may have been teaching as
substitutes; they may have resigned for long-term health reasons; or they
may be in-migrants. In-migrants are teachers who were teaching last year,
but not in the particular jurisdiction or subject field for which the supply
is being estimated. In some states virtually any college graduate, with or
without teaching certification or experience, can be counted in tilt: supply
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of new entrants; these states permit certification on the basis of testing,
permit hiring on an emergency certification basis, or use an apprentice
teaching program.

In the first phases of our deliberations, we discovered that the major
proportion of new hires each year did not come from new college graduates,
but rather from the corps of experienced returning teachers. Although the
percentages valiei aaoss subject areas, level, and location, in general it
was found that less than half of new hires were new college graduates
(National Research Council, 1987c:27). For example, Table 3.3 shows that
the proportion of new hires who were new college graduates was less
than 30 percent in each of six types of urban-suburban-rural districts. The
National Education Association's (NEA) surveys of American public school
teachers found a decline over the years in the proportion of new entrants
who came directly from college (NEA, 1987e:24). From the data provided,
the percentage of new hires who had been in college the previous year can
be computed to be 67 percent in 1966, decreasing to 17 percent in 1986.
These findings are important in light of the fact that the supply-demand
model used by the National Center for Education Statistics until 1987 based
its estimates of teacher shortage on the assumption that all new hires would
be new college graduates. Following the publication of the panel's interim
report, NCES discontinued this practice.

WHAT INFLUENCES AN INDIVIDUAL TO TEACH?

From an emination of teacher supply, the panel has concluded that
the answer to the question "Who will teach science and mathematics in
the nation's schools?" is heavily influenced by the incentives offered to
teachers, former teachers, and potential teachers. This conclusion follows
from the results of a long history of studies showing that the supply of
skilled labor for particular occupations is sensitive to financial incentives
(see, for example, Harris, 1949; Arrow and Capron, 1959; Freeman, 1971).
This section summarizes what is known about the role that particular
incentives play in the career decisions of teachers, former teachers, and
potential teachers. We discuss in subsequent sections the extent to which
the important incentives play a role in teacher supply and demand models,
or could play a role in improved models

Although this report is concerned with science and mathematics teach-
ers, most of the literature on teacher supply does not distinguish between
these teachers and other elementary and secondary school teachers. Con-
sequently, we must look to the broader literature for evidence on incentives
and teachers' responses to them.
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TABLE 3.3 First-Ycar Teachers as a Percentage of New Teacher Hires by Type of District and Subject Area, for
New York State Public Schools, 1985-86

Subject Area

New

York

City

Other
Large
Cities 11

Other
City

Districts

New York
City
Suburban
Districts

Other
Suburban
Districts

Non-

Suburban
Districts

Common branch
(grades 1-6)

23 7 % 18.2 % 19 9 ¶''.. 16.4 % 15.1 % 25.8 %

Total elementary 23 6 20 7 22 0 18 2 19.0 27.1
Secondary

English 22.9 16 3 14 6 11.3 22 9 24 0
Foreign lanzaage 24 0 26 7 26.3 16 9 25.4 31 0
Mathematics 25 5 16.7 19.7 19.,.. 23 4 34 4
Earth science 25 8 15 4 46 2 36.4 37 3 45 9
General science 26.1 23.1 23.5 34 5 45 0 30 8
Biology 29 3 33 3 36 7 21 6 26 4 42.7
Chemistry 35.0 16.7 40.0 27.9 19.4 55 8
Pli Ace 21.7 11.1 50.0 22 7 26.9 55 9
Social studies 28 2 24.1 30 0 12.9 25 0 31 4
Occ. ed. 21 3 29 8 25.7 14.7 35.0 36.3

Total secondary 24 6 20 5 24.9 16.7 26.1 34 1
Total teachers 22 7 20.5 22.4 16.5 21.7 29.6

LI Cities over 125,000 population

Source. New York State Education Department (1988).
,
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Before turning to this evidence, we want to make clear that this
discussion should not be interpreted as implying that financial incentives
are the only factors that influence teachers' and potential teachers' career
decisions, or even that they are the most important influences. Teachers
enter teaching for a variety of reasonsto work with children, to experience
the satisfaction of helping others, to have a schedule similar to their own
children's schedule. Other reasons for entering teaching were given by
some of the newly hired teachers interviewed in the panel's case studies.
They entered teaching because of particular experiences they had in the
pastteaching opportunities during college that were rewarding or an
outstanding individual high school teacher who served as a role model, for
example. lbachers also leave teaching for a variety of reasonsto pursue
another occupation, to follow a spouse whose job has been relocated, to
engage in full time childrearing. For most teachers and potential teachers, a
moderate change in salary, say $2,000 to $4,000, probably does not influence
the decision about whether to enter teaching or how long to stay in teaching.
However, a critical question is whether such a moderate-sized salary change
would influence the career decisions of enough college graduates to have a
marked influence on supply. That question is addressed here.

It is also important to keep in mind the unit of analysis that provides
the focus for particular studies of the determinants of teacher supply. For
example, a number of studies report that recruitment efforts by individual
school districts have been successful in expanding the quantity and quality
of applicants for teaching positions. Presumably the reason is that these
efforts have made particular school districts seem especially attractive to
a significant portion of the pool of potential teachers. It does not follow,
however, that active recruitment policies by all school districts would im-
prove the quantity or quality of science and mathematics teachers in our
schools. Instead, these policies are likely to influence only the distribution
of the available supply of teachers among different districts. The impli-
cation of this example is that, when evaluating the evidence on responses
to incentives, it is important to consider the extent to which the incen-
Lves alter the quantity and quality of the pool of science and mathematics
teachers available to the nation's schools, or whether they influence only
the distribution of the available supply among districts.

This section focusing on individuals is organized according to what
might be called the steps in the pipeline that place teachers in schools:

1. College students' decisions about occupational preparation;
2. The decision about whether to enter teaching;
3. aachers' decisions about how long to stay in teaching;
4. Former teachers' decisions about whether to return to teaching;
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5. leachers' decisions about moving from one state to another; and
6. leachers' decisions about when to retire.

College Students' Occupational Preparation Decisions

Over the last 15 years, the percentage of American college students
training to become teachers has declined precipitously. One indicator of
this is the proportion of graduating seniors majoring in education. This
proportion has fallen from 22 percent in 1971-72 to 9 percent in 1985-
86 (National Center for Education Statistics, 1988b:210). This indicator
is suspect, however, because an increasing proportion of college students
training to teach also major in a particular discipline, for example, math-
ematics or biology. As a result, the trend in the number of education
majors may provide misleading information about the trend in the number
of college students preparing to teach. Unfortunately, no reliable national
data exist on the number of individuals obtaining teacher certification each
year. This makes it necessary to turn to individual states for information on
the number of new certificants. Table 3.4, which provides information on
the number of individuals obtaining certification in New York and North
Carolina in selected years between 1974 and 1985, illustrates the dramatic
decline in the number of individuals obtaining teacher certification in these
states. In each state the number of new certificants in 1985 was less than
half of the number of new certificants in the mid-1970s.

There are two related reasons why the number of college students
training to teach declined dramatically over the last 15 years. The first is
the Udine in the number of teaching positions available for newly certified
teachersa response to enrollment declines. For example, the number of
new teachers (that is, teachers without previous teaching experience) hired
by public school districts in Michigan declined from more than 6,000 in
1973 to fewer than 700 in 1984. In addition, many beginning teachers lost
their jobs as fiscally strapped school districts reduced staff in response to
enrollment declines. Since the probability of obtaining a teaching position
is a critical factor influencing college students' decisions about whether
to train to teach, the decline in this probability was an important factor
contributing to the decline in the proportion of college students preparing
to teach.

A second factor was the decline in teaching salaries relative to salaries
offered by business and industry. As depicted in Figure 3.2, teaching salaries
fell relative to sakiries in business and industry during the late 1970s. Thus,
as papers by Manski (1987) and Zarkin (1985) have shown, the combination
of the decline in the probability of obtaining a teaching position and the
decline in the competitiveness of teaching salaries were strong signals to
college students to pursue occupations other than teaching.

EC)
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TABLE 3.4 Number of People Obtaining Teacher Certification in New York and
North Carolina, 1974-1985

69

Year New York North Carolina

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

34,770

24,039

16,348

17,275

16,002

6,538

6,413

5,673

5,105

4,684

3,852

3,145

3,095

3,071

2,997

2,830

Sources: New York State Education Department (1988); Murnane and Schwinden
(1989:9, Figure 1).

The Decision to Enter Teaching

One of the surprising facts about the operation of the teacher labor
market is that one-third to one-half of college graduates who obtain teacher
certification never teachor at least do not teach in the state where
they obtain certification.1 One explanation is that teacher certification
has traditionally been relatively easy to obtain in most states and, as a
result, many college students obtain certification even though they have
little interest in teaching. A second explanation is that the decline in the
number of teaching vacancies during the 1970s left many newly certified
graduates without job offers in teaching.

The fact that a large proportion of graduates certified to teach do
not teach raises the interesting question of who enters te-lung .nd who
does not. Recent work by Murnane and Schwinden (198'..; :ndicates that
the answer varies across subject specialties a, I race. They found that the
National Thachers Examination (NTE) scores of white certificants trained

1National data on who is ccnified to teach are not available, and state-level data provide no
information on certificants who leave the state.
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in chemistry, mathematics, and English were important predict ,rs of the
probability of entry into teaching. The entry probabilities for white certifi-
cams in these areas with scores at the 90th percentile were 10-17 percentage

points higher than the entry probabilities for white certificants in these areas

with scores at the 10th percentile. (NTE scores made the most difference

in the probability of entry for certificants specializing in mathematics.) For
white certificants with other subject specialties, thc NTE score was not an
important predictor of the probability of entry.

The likely explanation for this pattern concerns the opportunity cost
of becoming a teacherthat is, what one gives up if one decides to
teach. As presented in Figure 3.2, between 1968 and 1987 starting salaries

f.32



DETERMINING SUPPLY 71

in business and industry for college graduates trained in chemistry or
mathematics were considerably higher on ,trage than starting salaries for
graduates trained in biology or the humanities. If gpdnates in chemistry
and mathematics with high score; oil the NTE (a standardized test whose
scores arc positively correlated with scorr.ts on other standardized tests, such
as the Scholastic Aptitude Thst and th, kl;aduate Record Exam) are more
likely to receive offers of high-paying jubs in business and industry than
are graduates with low scores, this would explain the negative relationship
between NTE scores and probability of entry :nto teaching for certificams
in thev: fields. (This explanation also implits that job offers in business
axid industry for graduates majoring in English are more ,itractive than
job offers for gmeuaes majoring in historyan assumption that IA%-; cannot
test) Although we have not demonstrated that salary differences by field
affect career choice, the key point here is that the evideu,:z supports. the
proposition that college graduate's choice of occupation depends on
relative salaries. Murnane and Schwinden's ,qudy found that there was
no negative relationship between NTE score and probability of entry in:,
teaching for black college graduates certified to teach. The reason may be
that black graduates faced less attractive job opportunitier in business and
industry than did white graduates, or that theywere more place-bount, than
were white graduates.

The implications that one draws from the negative relationship between
NTE score and the probability of entry into teaching for white college
graduates trained in chemistry and mathematics depend on one's assessment
of the relationship between NTE score and teaching effectiveness. If NTE
score were a strong predictor of teaching effectiveness, the results wot,..1

who have the skills to do well on standardized tests (e.g., to score above

scores, Haney, Madaus, and Kreitzer (1987) find little if any correlation

such as supervisor's rltings. What does follow from this evidence is that

mathematics that are highly rewarded in business and industry.

States is that hiring is done quite independently by 15,000 school districts

local teachers' unions) and design their own recruitment and screening
procedures. As a result of differences in salaries, working conditions, and

imply that the profession of teaching is losing a high proportion of most

between teachers' NTE scores and other measures of teacher effectiveness,

higher teaching sPlaries may be a necessary condition for recruiting teachers

that establish their c wn salary schedules (usually through bargaining with

promising potential teachers. However, in a review of the history of NTE

the 10th percentile) and who have subject specialties such as science and

One of the unique characteristics of public education in :he United

Where to Teach
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recruiting practices, there is significant variation in the ability of local s,:hool
districts to attract and retain sIdlled science and mathematics t':acher,. As
a result, one must be careful when using the term teacher supply. It is quite
possible that districts that pay high salaries, have good working conditions,
and have aggressive recruitment practices may be successful in attracting
sidlled teachers at the same time that districts without high salaries, and
districts in which working conditions are difficult, cannot attract skilled
tear hers at all. Indeed, this is the inference that the panel has drawn from
th case studies on district hiring practices and from the conference with
personnel directors of large, urban school districts.

Unfortunately, relatively little is known about the incentives that are
important determinants of school districts' ability to recruit skilled teachers.
There is little documentation about the extent to which school districts'
recruiting and screening strategies ii fiuence their ability to hire skilled
teachers, as opposed to less skilled teachers. Typically, even with low
salaries, difficult working conditions, and poor recruitment practices, a
district can find adults to stand in front of classrooms; however, they are
unlikely to be skilled teacher.. In other words, the adjustment mechanism
concerns quality, not quantity. Consequently, studies that examine only
whether districts have applicants for teaching positions, without paying close
attention to the skills of the applicants, do not provide reliable information
about the influences of school district salaries, working conditions, and
recruiting practices on the ability to staff the schools with skilled teachers.

How Long to Stay in Teaching

One element of teacher supply that has an important influence on the
demand for new teachers is the length of time that teachers 1.1ready in
the schools stay in teaching. As Grissmer and Kirby (1987) have pointed
out, even a small change in the percentage of teachers who leave teaching
from one year to the next (the attrition rate) has a dramatic change on the
demand for new teachers. As explained in the panel's interim report, the
national teacher demand mode used by the National Center for Education
Statistics assumes implicitly that: Lc attrition rate is constant over time;
the attrition rate is not influenced by changes in teacher salaries; and the
attrition rate does not vary among st bject specialties. Recent research
examining the factors that influence he length of time that individual
teachers stay in teaching call all of these assumptions into question.

There is a long history of studies showing that attrition rates follow a U-
shaped distribution (see Grissmer and Kirby, 1987, for a list of references).
Young, inexperienced teachers tend to have very high attrition ratesofteh
as high as 20 percent in the first year. The probability that a teacher leaves
teaching declines with experience. Attrition rates are very low for teachers



DETERMINING SUPPLY 73

with more than five years of experience. Finally, attrition rates begin to
climb again as teachers near retirement age.

A series of studies employing data from Michigan, North Carolina,
and Colorado (Murnane and Olsen, 1989a, 1989b, 195:1*, Murnane et al.,
1988, 1989) have demonstrated that teaching salaries are an important
determinant of the length of time that teachers stay in teaching. The
evidence implies that a $1,000 annual increase in salary (in 1987 dollars)
is associated with an increase of one to two years in the median length of
time that teachers stay in teaching.2

These studies also show that high school teachers tend to stay in teach-
ing for shorter nations than elementary school teachers doa pattern
present in all three states. The studies also find some differences in the
career paths of secondary school teachers with different subject specialties.
For example, Figure 3.3, which is based on a sample of North Carolina
teachers who began their careers in the late 1970s, shows that chemistry
and physics teachers tended to kave teaching sooner than did secondary
school teachers with other subject specialties. It is important to point out.
however, that the sizes of the differences in career paths by subject specialty
vary across sample and time period. This is illustrated in Table 3.5, which
displays predicted median first spell lengths in teaching for teachers with
different subject specialties. As explained in Murnane and Olsen (1990),
the predicted survival functions for teachers wr, different subjec. special-
ties are based on a model in which length of first spell was modcicd to be a
function of age at entry, gender, subject specialty, NTE score, annual salary
expressed in 1987 dollars, and a dummy variable for the district in which the
teacher started his or her career. Notice that in the two states in which it is
possible to differentiate chemistry-physics teachers from biology teachers,
the latter group has a higher median first spell length. This suggests that,
in discussing teacher supply, it is important not to treat science teachers as
a homogeneous group. This quantitative evideicA3 is also supported by the
comments of several personnel directors who were interviewed as part of
the panel's mini case studies. The frequent comnent was that there were
plenty of strong candidates for biology pocitiom ' in some districts, a
shortage of strong applicants for teaching some r sciences, especially
physics.

A number of recent studies have examined attrition rates by subject
specialty using an approach different from the research (lc cribed above,
which is based on the analysis of longitudinal data on teachers' careers.
These other studies develop estimates of age-specific or experience-specific

2
The methodology Murnane and Olsen use controls for time-invanant distr;ct-speac e.rac-

tcristics, even unmeasured ones. In effect, their model incluees a dummy variabk x :very
distnct.
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attrition by comparing the rosters of teachers employed in a state or in a
school district in two consecutive years (Grissmer and Kirby, 1987). The
analytic strategy is to calculate the proportion of teachers with particular
characteristics (for example, mathematics teachers between the ages of 30
and 34) who were teaching in the first year, bt., not in the second. An
advantage of this approach is that it is possible to calculate attrition rates
using very recent data.

One significant research puzzle is that the studies using long .udi-
nal data tend to find greater differences in attrition rates by subject area
than do the studies comparing cross-sections of teachers for two consec-
utive years. The likely explanation conceins the timing of the data. The
research comparing cross-sections tends to be based on data from the
mid-1980s, when declining school enrollments led to involuntary attrition
in many school districts. These involuntary quits, whic:. tend to be based
on seniority, may mask differences in voluntary quits that are sensitive to
opportunity cost. The studies using longitudinal data tend to be based on
the careers of teachers who started to teach in the 1970s. These teachers
may have acquired enough seniority by the time enrollment declines set in
to be relatively free from involuntary layoffs. Thus, the attrition patterns
observed in the studies based on longitudinal data may be less influenced
by the consequences of enrollment declines. If this explanation is correct,
then the studies based on longitudinal datastudies that show significant
differences in first spell lengths by subject specialtymay predict attrition
patterns in the 1990s better than the studies based oo more recent data.

r,
D
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TABLE 3.5 Predicted Median First Spell Length (in Years) of Teaching: Samples of
Teachers from Three States

State North Michigan Colorado
Carolina

Period Sample
Began Teaching 1975-79 1972-75 1979, 1982

Sample Size (8,462) (7,785) (1,377)

Teaching specialty

Elementary school 13.5 16.4 6.6
Mathematics 7.9 7.4 4.4
Social studies 6.6 7.6 3.4
English 5.7 7.3 3.1
Biology 5.6 9.3 6.0
Chemistry yaks 4.1 4.9 !A

LI Chemistry-physics teachers cannot be distinguished from biology teachers in the
Colorado data.

Source: Murnane and Olsen (1990).

The reascn is that secondary school student enrollments (age 1447) will
increase in most parts of the country in the 1990s; as a result, involuntary
layoffs will be rare, and in some regions there may be a teacher shortage.

Whether to Return to Teaching

Until recently, the national teacher supply and demat -1 model used
by NCES assumed that newly minted college graduates providc the only
source of teacher supply available to fill new vacancies. Recent data from
several states suggests that this assumption may be seriously out of line
with the current situation. For example, 75 percent of the individuals
newly hired by Connecticut school districts for the 1986-87 school year had
prior teaching experience and were returning to teaching after a career
interruption (Connecticut State Department of Education, 1987). The
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analogous number for New York State for the 1984-85 school year is 70
percent (New York State Education Department, 1987). These data raise
the question of whether the "reserve pool," consisting of individuals fully
certified to teach but not currently teaching, will be an important source
of supply in the years ahead. The question is difficult Ln answer since
there is little systematic knowledge about the size of the reserve pool, its
composition, and the factors that influence members of the reserve pool to
return to teaching.

Studies t,sed on data from North Carolina, Michigan, and Colorado
throw some light on this question by examining whether teachers who left
teaching within the first five years after entry3 returried to the classroom
after a career interruption (Murnane and Olsen, 1989b; Murnane et al.,
1988, 1989). The evidence indicates that approximately one-third of ele-
mentary school teachers return to the classroom after a career interruption.
The return rate for secondary school teachers varied by field from 10 to
30 percent, with teachers of mathematics, chemistry, and physics having
the lowest return rates. Among high school teachers in Michigan, teachers
of chemistry and physics were the least likely to retun to the c ,ssroom.
In North Carolina, secondary mathematics teachers were the least likely
to return. This evidence is quite consistent with the notion that former
teachers' career decisions are sensitive to relative salaries. Those former
teachers with subject specialties that paid relatively high salaries in busi-
ness and industry (shown in Figure 3.4) were much less likely to return
to teaching than teachers with subject specialties that paid lower salaries
in business and industry. Thus, the limited evidence currently available
suggests that the reserve pool is less likely to be a significant source of
supply of chemistry, physics, and mathematics teachers in the future than it
will be a source of teachers in other fields, especially elementary education.
But to the panel's knowledge, the size of the reserve pool is unknown.

Whether :o Move to a Different State

As a result of demographic trends that include migration and differ-
ential fertility rates, some parts of the country experience shortages of
teachers while other parts of the country do not. One logs -al solution to
this problem is migration of teachers from areas of oversupply to areas of
excess demand. Clearly some mobility e-ists, but the design of state pension
systems for teachers is a significant deterrent to relocation. As Bernard

3 The data bases Murnane and his colleagues examined include 12 yeaa of longitudinal ini-or-
ma tion on teachers' carters. In examining the return rate of teachem, they focuscd on teachers
who cnded a first spell of teaching within five years, in ordcr to provide a signilleant period of
time for teachers to return after a career interruption.

0
(1: 0
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Sources: College Placement Council (19x); National Educational Association (1987a).

Jump (1986) has explained, the design of most state pension systems is
such that a teacher who moves from one state to another ends up with a
significantly smaller pension than do teachers vho continue to teach in the
same state.

A second deterrent is the character of state certification J., 'ems.
While a sig- 'ficant amount of reciprocity among states e.dsts, it is not
always possible for a teacher certified in one state to obtain certification
automatically in another stte. In fact, recent efforts to stiffen certification
requirements in individual states may reduce the amount of reciprocity.

The designs of pension systems and certification systems influence the
balance between teacher demand and supply because they influence the
extent to which a critical quilibrating mechanism, movement of teach-
ers from areas of teacher surplus to areas of teacher shortage, operates.
Changes in pension portability rules, a policy recently discussed by the Na-
tional Governors' Association (1988), may have a significant influe.ice on
the rate of interstate mobility of teachers, and consequently, may influence
the balance of teacher supply and demand.

WhPn to Retire

The conditions that influence the timing of retirement for teachers
are similar to those for individuals in other occupations. Rdchers tend to
retire when they feel financially able to do so; when incentives for early
retirement are considered worthwhile; and when increases in benefits for
continuing another year or two are minimal (Taylor, 1986).

The most common provision for maximum retirement benefits occurs
at 60 years of age and 30 years of service. States provide fer early mirement
below tl _st, maximum Lvels with penalties for either years of service, age,

ri 9
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or a combination of both (Ginsberg et al., 1989). States vary from these
provisions, with some having easier and some stricter provisions. Fivestates
require only 25 years of service for maximum benefit; 10 states require that
teachers be employed 30 years and be 65 years of age to obtain maximum
retirement payment; 7 states provide maximum payment for teachers 55
years of age with 25 years of service. Between 1979 and 1982, special
early retirement incentives were offered by some school systems and states
(Wood, 1982).

Until recently, studies seemed to indicate that teachers tend to retire
at the earliest age allowed; this would mean approximately age 60 (Taylo:,
1986). In South Carolina, a study asked teachers if they would retire if
there were a hypothetical change in the provisions of the retirement law.
The current provisions permit retirement after 30 years of service, or at
age 65, or at age 60 with a penalty. The change would permit retirement
after 25 years of service or at age 55. The responses showed this change
would increase separations by 5.5 percent above those under the current
law, and a change to retire at any age after 25 years of service would
increase separations by 16.6 percent above those under the current law, or
10.5 percent above the level with age 55 (Ginsberg et al., 1989).

However, teachers in some states deviate from this pattern. For
example, in 1983, approv:mately 20 percent of the teachers employed in
Maryland were eligible to retire. Only about half of these teachers had
retired by 198S. Their decisic,as weie undoubtedly heaviiy influenced by
the state's policy with respect to provision of the employee's share of health
benefits and cost-of-living salary adjustmentsa policy that did not have
an age cap. This combination of incentives to stay beyond retirement age
is unusual-41 states have an age cap on provision of health benefits and
20 place an age cap on cost-of-living benefits. Policies about provision of
1,ealth and cost-of-living benefits obviously influence decisions to retire or
°clay retirement.

Many factors other than age can affect the decision to retire. When
a large wage increase is expected, some teachers will delay retirement
to obtain a higher average salary. A change in options for health plans
can hasten or impede retirement, especially whcn retirees can not change
plans after separation. When a large cost-of-living adjustment in retirement
benefits is expected, retirements can increase. During a period of large
cost-of-living increases, such as in the late 1970s, retirements can decrease
because of worry about having sufficient retirement funds. Since these
factors affect all teachers, the combined influence may lead to a bunching
of retirements.

Although separation rates for retirement are known by the state re-
tirement systems (Kotlikoff and Smitii, 1983), this information has not been
used either for strengthening supply-demand statistics related to science and

SO
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mathematics teachers or for research. lb obtain a better understanding of
the retirement decision, research is needed on the relationships among
separation rates, individual reasons for early or late retirement, external
variables, and incentives and disincentives for remaining in the teaching
force or retiring.

In short, although we know the effect of separation rates on states, we
also need information about their effet on individual school districts and
on the teaching force by level and by discipline or subject taught.

Conclusions

The basic theme of this section is that the number of teachers in a given
field willing to work in a given location depends on a number of incentives,
including the availability of teaching positions, salaries, opportunity cost
salaries, working conditions, certification rules, and pension rules. Changes
in any of these incentives will influence supply.

For two reasons, however, the panel is skeptical about the feasibility
of improving projection models by incorporating the influences of these
incentives. First, there is a great deal of variation across school districts
and across states in salaries and working conditions, and it is difficult
to incorporate this variation in an aggregate model. Second, while a
n-mber of studies show that teachers' career decisions depend on salaries,
the coefficients indicating the sizes of the impacts are quite sensitive to
sample definitions and estimation techniques. In other words, research
is not sufficiently developed to provide reliable estimates of the response
coefficients that could be included in projection models. For these reasons,
the panel does not recommend at this time the_development of projection
models of teacher supply and demand that include responses of teachers
and potential teachers to changes in incentives; however, the panel does
urge support for the development of better behavioral models to measure
the sensitivity of teacher supply to incentives (see Chapte, 6).

The panel also recommends that resources be devoted to monitoring
trends in the levels of key incentives that influence teacher supply. Timely
information about changes in the proportion of newly certified teachers who
obtain teaching positions, the competitiveness of teacher salaries relative to
opportunity cost salaries, the amount of reciprocity in certification across
states, and the portability of teacher pensions may provide policy makers
with early warnings about likely alanges in the supply of teachers.

A number of research issues related to the decision about when to
retire and its effect or; teacher supply need investigation. Separation rates
for retirement are known by state mtirement systems and could be used
in research relating these rates to iadividual reasons for separations, to
external shock variables, and to inczntives and disincentives for retention
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and retirement. Related research issues include the effect of separation
rates on individual school districts and on the teaching force for different
fields of study.

HOW DOES A DISTRICT MESH SUPPLY WITH DEMAND?

School district policies, practices, and constraints exert considerable
influence on an individual's decision to apply for a position, take a position,
remain in a position, or leave. In teacher supply and demand models, school
districts are treated as black boxes. No models incorporate information on
school districts' recruitment, screening, and hiring processes in the structure
used to generate predictions of teache- 5,ipply and demand. ,ts a result,
the design of the models implicitly assumes 'tiat variation in these practices
do not have a marked impact on the r'lity of individual school districts to
attract skilled math 1.nd science teachers. While the variation in practices
does not matter in using models to project the supply of teachers in a state
or in the country, it does suggest that the models do not provide reliable
information about the supply of skilled teachers available to individual
school districts. Recent case study evidence (Berry, 1984; Wise et al.,
1987) has called this assumption into question by pointing out that there is
considerable variation among school districts in recruiting, screening, and
hiring practices and that these practices may have a marked influence on
the ability of school districts to hire skilled teachers.

For this reason, the panel wanted to learn more about the school
district practices that affect the supply and 4-, nand of science and mathe-
matics teachers. We were concerned with th flow of teachers through and
within the school districts. We also hoped to obtain insights concerning
variables at the school or district level that affect demand and supply. 'lb
pursue this goal, the panel first comraissioned the development of detailed
case studies of the recruitment, selection, and retention of science and
mathematics teachers in six districts, which varied in size, student clientele,
enrollment trend, wealth, and location. Second, the staff, in supporting
the panel's activities, conducted supplementary case studies focusing on
supply and demand issues affecting science and mathematics teachers in 24
districts. These supplementary studies used telephone conversations with
personnel directors and a follow-up mail survey to collect more detailed
information about the hiring of science and mathematics teachers in each
district. Third, the panel convened a conference of the personnel directors
of seven of the nation's largest public school districts, which represent over
5 percent of the public school enrollment in the United States. lbpics for
discussion in the day-and-a-half-long meeting included: effective recruiting
strategiea, experiences with the reserve pool, recruitme. uring the school

0 r)0 4,
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year, supply-demand models, and information system design and use. (See
Appendix A for more detail.)

In both the case studies and the conference of personnel directors,
differences among the districts were as apparent as the commonalities.
Observations made by the school district officials during the course of these
three activities are noted throughout the report.

This section summarizes the lessons the panel has learned from these
activities concerning the variation in school district practicer, and the per-
ceptions of how practices influence school districts' success in recruiting
skilled math and science teachers. The section is organized by topics cor-
responding to the following elements of the hiring process: determining
needs, soliciting applicants, screening applicants, and making offers. The
section emphasizes school district practices because they provided the fo-
cus for the case studies and the conference with the personnel directors.
However, it is critical to keep in mind that determination of who teaches
in the schools depends not only on these practices, but also on applicants'
responses to these practices.

Determining Needs

Knowing how many new teachers of each subject at each grade level
will be needed in the coming year is a critical first step in planning a
hiring strategy. Yet, for many districts, it is extremely difficult to collect
this information in a timely fashion. Some reasons are detailed below.

Uncertrinty About Student Enrollments

Student enrollments are the primary determinant of the demand for
teachers. Based on comments from the personnel directors of seven large
school districts, it appears that projecting future enrollments accurately is
difficult to do, especially in districts experiencing significant in-migration
or out-migration. Since there are many such school districts, the panel
infers that many districts do not have reasonably accurate projections of
enrollments for a given year until the students actually appear in September.
When finances preclude flexibility in the ratio of the number of students to
teachersa situation present in most of the districts included in the case
studiesteachers cannot be hiNd in anticipation of enrollment increases.
This inability to offer firm contracts to strong applicants in late spring,
when many applicants desire commitments of employment, hinders many
districts' efforts to hire o'lled teachers.
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Uncertainty About Budget for the Next School Year

Another related problem is that in the spring when hiring takes place,
districts may not know the budget for the next school year. According to
union contracts, this forces the district to inform large numbers of teachers
in March that they will not be employed the following year. Then when the
budget is assured, they find that some of the people who receive notices
have found other work. Thus, the district must look for new people.

Internal Transfer Queues

In many districts, contracts with teachers specify a formal procedure
under which teaching vacancies are made available to teachers already
employed by the district, beforP they can be filled by a newly hired applicant.
Completing the steps of the internal transfer process often takes several
months. Until the process is completed, the personnel office cannot be sure
of the identity of the school in which a vacancy will ultimately be present,
or even of the teaching specialties that will be needed.

Delays in Reporting Resignations

For a number of reasons, teachers may delay reporting tha' the., plan
to resign their positions. One reason is that some contracts .pecify that
teachers employed by the district on the date on which a new contraq is
signed are eligible for certain fringe benefits included in the new contract,
such as improvement in health benefits. As a result, teachers wait until a
new contract is signed, which often runs into the summer months, before
resigning. Another reason tor late resignations is that some school princi-
pals will ask teachers who intend to resign to withhold formal notification so
as to subvert the internal transfer process. Principals do this to gain control
over who fills the vacancy. One ..onsequenee of this practice, however, is
a wave of resignations in late summer, wl,en it is difficult to find qualified
applicants.

Attrition During the School Year

While most suburban districts and smaller-sized districts tend to con-
centrate their recruiting on finding strong applicants in late spring to fill
vacancies expected for the following September, many urban districts hire
teachers throughout the year to fill unanticipated vacancies resulting from
teacher resignations and unexpected enrollment growth. In fact, the per-
sonnel dir3ctors from several urban districts reported that as many as half
of the teachers they hire are asked to start teaching during the school year,
rather than in September.
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Soliciting Applicants

School district personnel directors use a variety of strategies to recruit
applicants for teaching positions. These include recruiting at nearby col-
leges and universities, relying on informal networks of information about
individuals not currently teaching who are interested in returning to the
classroom, and, in one urban district, recruiting graduate students to teach
part time. These are a few examples of the many strategies that personnel
directors described as effective for finding applicants.

The need to recruit varies greatly among school districts, and large
differences are observed in ratios of applicants to vacancies reported by
districts in the same labor market area. For example, in the Washington,
D.C., metropolitan area, the District of Columbia has great difficulty at-
tracting applicants; it reports about three applicants for each teaching job.
By contrast, suburban Montgomery County reports a 13 to 1 ratio; and
Prince George's County 8 to 1 (Sanchez, 1989). The wide array of recruit-
ing strategies employed reflects such differences in the ability to attract
applicants.

School systems may advertise and make trips to job fairs or colleges
where they have successfully recruited in the past. If personnel officials
feel there is a particular shortage, special early offers may be made. At
times, to eliminate a particular shortage, special incentives, such as a bonus,
may be offered. What seems clear from personnel administrators is that
many school systems are searching nationally, or at least beyond their
local or state borders, for persons in similar fields. One year the quest
may be for science and mathematics teachers; another year it will be for
reading teachers; still another year, it may be for early childhood teachers.
Lately a widespread need has been for special education teachers and for
teachers of the same ethnic backgrounds as those of the students in the
district. According to the personnel directors of large school districts who
shared their experiences with the panel, recruiting generally was restricted
to known sources, because experience had taught recruiters that persons
unfamiliar with the climate, housing costs, student populations, or culture
were unlikely to remain in their systems.

While there was enormous variation in the way personnel directors
found applicants, some patterns emerged. First, almost all personnel di-
rectors indicated there was no shortage of qualified applicants for teaching
positions in science or mathematics at this time. (Most districts did re-
port shortages of minority applicants and applicants for special education
positions.) Exceptions were a few cases of an inadequate supply of appli-
cants to teach physics. Several respondents commented that the supply of
qualified applicants for each vacancy in biology was considerably greater
than the ratio of qualified applicants to number of vacancies in chemistry
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or physics. Second, most respondents indicated that a large percentage of
their applicants were individuals with previous teaching experience.

While it is hazardous to make inferences about patterns in recruiting
strategies from an unrepresentative sample, *he following patterns seemed
to be present in the survey information. School districts that paid relatively
low salaries, particularly districts in rural areas, relied especially heavily
on attracting applicants who had grown up in the area and were eager
to return home. Districts that paid high salaries and offered attractive
working conditions found that many of their applicants were teachers
currently employed in nearby districts. Urban districts that needed large
numbers of new teachers each year were more ikely than other districts to
engage in national recruiting strategies. While some personnel director:, of
large districts indicated that they did find national recruitinc worthwhile,
they were quick to point out that hiring applicants from regions of the
country with vc!ry different climates often led to very high turnover rates.
As a result, tney had learned to concentrate their recruiting efforts on
geographical areas that had supplied a relatively large number of applicants
in the past, and had found it particularly fruitful to recruit in areas in which
teachers were being laid off as a result of declining enrollments and budget
cutbacks.

Screening Applicants

The strategies used to screen applicants for teaching positions, in-
cluding who does the screening and how it is done, varied considerably
from district to district. Our discussions with school districts indicated that
recruitment of new teachers by large school systems with diverse student
populations was often hindered by the fact that recruiters could not specify
the school to which the applicant would be assigned. Many persons would
find such a school system desirable if they could teach in a given section
of the school system or in a specified schooL Since recruiters could not
make those promises or could not make those promises soon enough in
the recruitment period, candidates were lost to the school system. In other
school syst.ms of various sizes, however, the school and the position was
able to be specified early in the screening process.

lb provide a sense of the variation in screening applicants, we describe
the screening practices in two school districts in the Northeastthe sub-
ject of a recent Harvard University doctoral dissertation (Shivers, 1989).
(The districts are not identified because a commitment of confidentiality
was made to the study districts.) The first district is an ethnically and
socioeconomically diverse community adjacent to a central city, and has a
long-standing reputation of providing excellent education. The second is an
urban district with a history of budget problems and difficulties in raising
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the achievement of a clientele containing a large proportion of low-income
and minority children.

In the first district, the screening process is extremely decentralized.
The central personnel office weeds out unpromising applicants and passes
on to school principals a list of promising candidates. In the words of the
acting superintendent, who had been personnel director for a great many
years (as quoted in Shivers, 1989):

In a nutshell, our aim here is to use the central staff to do a paper
screening of the candidates, to do some initial interviewing, and then to
forward as quickly as possible as many reasonable candidates as possible
to the building principal or the curriculum coordinator [department
chair] at the secondary level .. . and then to let them do the selection.
That is to say that we sort of send out a group of people with the Good
Housekeeping Seal of Approval that are a genera! batch. And from that
general batch the principal should choose.

At the high school level, the school principal delegates to the depart-
ment chair authority tc, choose among applicants. The logic underlying this
practice is that chairs are responsible for the quality of instruction offered in
their departments and for evaluating teachers. Consequently, they should
be responsible for hiring the teachers who will provide the instruction to
students. Usir.g open-ended questions, chairs interview each candidate sent
from the central personnel office. They also call references. They are not
obliged to choose among the candidates sent to them. If none seems satis-
factory, they can ask the personnel director to find other candidates. They
can also use their own informal networks, such as professional associations
and experiences with substitute teachers, to find candidates,

Chairs indicated that they do not attempt to hire teacers fitting
one mold. Rather they look for candidates who know their subjects,
demonstrate evidence of teaching skills, and also do something special,
so as to maximize the probability that they will appeal to a subset of the
school's diverse student population. One indication of the diversity that is
sought is that in one year during the early 1970s, when 115 teachers were
newly hired, there were 87 diflerent graduate backgrounds, 25 states, and
7 countries represented (Shivers, 1989).

One attribute that chairs do seek in applicants is some (but not
too much) teaching experience. One chair summarized this priority by
stating that she did not want a "person with a B.A. degree and no experi.
ence . . . . This is too complicated a school to take children to teach
children. If I had my druthers they [great candidates] would have had
two years experience somewhere else so they would have made their really
bad [teaching] mistakes somewhere else" (Shivers, 1989). Although the
superintendent is formally responsible for hiring teachers, in practice the
authority is delegated to principals, who in turn delegate it to chairs. In
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fact, after the chairs complete their interviewing and choose the candidates
they want to hire, they convey their choice to the winning candidate and
also call the candidates who are not chosen. Thus, the decentralization
goes beyond advice-giving, In practice, the department chairs choose the
teachers.

In the second district studied in this doctoral dissertation, the screening
process is markedly different. Principals and building-level department
chairs have only a minor role. The superintendent and central office
assistants play the major role in determining who will be hired. As in
the first district, the process begins with a central office screening of the
credentials of applicants. Potentially acceptable candidates are asked to
come for interviews. It is at the interview stage at which the process in this
district is so different from the one-on-one interviews between candidates
and building-level department chairs that were used in the first district.
Shivers (1989) describes the inteniew process used in the second district
as follows:

All new teacher candidates are asked to gather at the same time at
the ... high school gymnasium to be interviewed. Interview panels, which
are put together by the personnel director and by department heads,
include three to six interviewers [typically including] the appropriate
district-level department chair, a secondary school principal, a building-
level department chair and another teacher from the department, and
one or two central office administrators .

Teachers are called one by one to face a panel of interviewers who
are seated at a table on the gymnasium floor, out of earshot of the
candidates waiting in the stands ... .

Lists of questions are prepared beforehand by the respective district-
level department chairs. Before the interviews, panel members choose
from the list the five or six questions that their panel will ask. The
same questions in the same order must be asked of each candidate ....
During the interview, the panel members rate each answer as positive,
negative or neutral .. . .

Panel members are not permitted to respond to the candidate's
answers, and no foilow-up questions are permitted . . . . The strict
procedure for interviewing was developed in response to concerns voiced
by the affirmative action office ... that there be no preferential treatment
of candidates for teaching jobs.

After all candidates have been interviewed, the respective teams
rate their candidates as highly recommended, recommended, or not
recommended. Generally, they do so by consensus. The ratings are
sent to the assistant superintendent for personnel who then checks
references of recommended candidates . . . . The superintendent or
assistant superintendent may interview top candidates after they have
been recommended by the panels. At this stage the superintendent will
make the final selection.
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Clearly, the screening processes in the two districts studied by Shivers
(1989) are extremely different. The experience of applying for a teaching
position differs greatly in the two districts. What cannot be known from
Shivers' work is whether the screening practices influence who ultimately is
hired. This could occur because the department chairs in the first district
look for skills that are different from those sought by the superintendent
in the second district. It could also occur because the screening processes
influence the size and quality of the applicant pool or the rate at which po-
tentially effective teachers accept job offers. Informal networks of college
placement officers, college faculties, or students may have a great deal of
information about how districts screen applicants and the effects on appli-
cants. Unfortunately, there has been virtually no systematic research about
potential applicants' responses to differences in recruiting and screening
practices.

The case studies commissioned by the panel revealed considerable
variation in screening practices among districtsboth in the degree of
centralization and in the relative roles played by paper credentials, test
scores on standardized written tests (which some districts administer as
part of the screening process), and interviews. While the case studies do
not provide a basis for describing the distribution of screening practices
among the nation's 15,000 school districts, they do verify that practices vary
enormously. They also raise the question of the extent to which variation
in these practices influences the ability of school d'istricts to hire teachers
who are effective in teaching math and science to students.

Making Offers

The case studies revealed enormous variation in the types of offers
made to candidates whom school districts would like In employ. Dimensions
of the variation include timing, specificity concerning tL; nature of the
position, and salary.

Timing

Personnel officers in some school districts, especially well-financed,
growing districts, are authorized to offer binding contracts to strong can-
didates before the exact number and composition of vacancies are known.
Several personnel directors suggested that this practice facilitates their re-
cruitment efforts by allowing them to recruit aggressively in colleges and
iniversities during the spring months and to sign up promising candidates
before other districts had ascertained the number and nature of their vacan-
cies. Other personnel directors told about the other side of the coin, losing
promising candidates because their districts prohibited offering contracts
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until firm information on vacancies was available, which often took until
late summer.

Specificity

In the first of the two districts that were studied by Shivers (1989),
being offered a contract meant that the candidate knew a great deal about
the position: the school building, the subjects to be taught, the grade levels,
and the name of the department chair. In the second district, a teaching
contract meant only a commitment to salary. Not only did the newly hired
teacher not know the building or the classes to bc taught, but also the
new teacher did not know the date on which this information would be
available.

The case studies commissioned by the panel indicated that the exam-
ples described by Shivers are not particularly unusual. "lypically, in smaller
districts, candidates are told more about the details of their teaching po-
sition than in larger districts. However, in some large districts staff at the
school site play a significant role in the screening process and, in these
districts, candidates are often hired to teach in a particular school.

Salary

In the 24 districts included in the panel's supplementary case studies,
the starting salary for a candidate with a B.A. and no teaching experience
ranged from $14,420 to $26, 061. The starting salary for a teacher with an
M.A. and the maximum amount of experience that the district rewarded
ranged from $25,956 to $47,941. Some of the differences in salary scales
were responses to differences across communities in the cost of living.
However, the comments of the larte district personnel officers indicated
that the salaries they could offer played a significant role in the ability of
school districts to attract a strong applicant pool and to capture the most
capable candidates from the pool.

Another important aspect of hiring practices revealed by the case
studies is that the formal salary schedule in many districts does not totally
determine the salary offered to a newly hired teacher. For example, Dade
County offers a $1,000 signing bonus (paid in the first check of tie second
contract year) to new hires in shortage areas. The first of the two districts
Shivers stuuied sometimes convinces especially strong candidates in short-
age fields to sign contracts by giving credit in terms of steps on the salary
schedule for practice teaching and for experience outside teaching. Current
contracts in Boston and Rochester include specific language allowing the
district to do the same thing.

100
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Not all variation from the salary schedule involves pay increases.
The second of the two districts Shivers studied frequently hires teachers as
permanent substitutes instead of as regular contract teachers. This provides
an annual savings of $9,000 to the fiscally troubled district. In this district,
attempts are made to attract strong candidates in science and mathematics
by offering them regular teaching contracts instead of positions as full-time
substitutes. Unfortunately, no information is available on the impact of
this practice on the district's ability to attract strong candidates.

Who is Hired

The case studies revealed enormous variation in the practices school
districts use to recruit, screen, and hire teachers. It is not possible from
these studies to determine the extent to which the variation in practices
influences the ability of districts to attract strong candidates. In fact,
the case studies revealed that there is not even a common definition
of a strong candidate. The remarks of personnel directors suggest that
districts' constraints and practices do matter. For example, the notes contain
many comments about losing candidates either because salaries were not
competitive or because the district could not make a firm contractual offer,
while another district could. Some districts can hire early, and those that
can have a better choice of candidates. Maintaining close ties with a local
teaching credential program also helps bring strong candidates.

Moreover, there is the distinct possibility that school district practices
matter less in the late 1980s than they will in the 1990s. The reason concerns
the potential change in the overall balance between teacher supply and
demand. With the exception of a few fiscally constrained urban districts,
most districts included in the case studies reported an adequate number
of qualified candidates for each vacancy in mathematics and science. Most
districts also reported that many applicants were experienced teachers, and
that they filled a large proportion of vacancies with experienced teachers.

This reliance on older or experienced applicants raises the question
of whether the responses of personnel directors in 1987 and 1988 provide
reliable predictions of the adequacy of the supply of qualified math and
science teachers in the years ahead. In the late 1980s, the demand for new
secondary school teachers is relatively low because high school enrollments
are not growing. At the same time, the reserve pool of individuals certified
to teach but not currently teaching appears to be quite large, in part because
it contains many individuals from the large cohorts born at the tail end
of the post-World-War-II baby boom. The 1990s will be characterized by
growing demand for science and mathematics teachers, both because of
modestly growing secondary school enrollments and of increasing numbers
of resignations from an aging teaching force. At the same time, the size
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of the reserve pool may decline, both because the number of individuals
in the 30-40 age group will be smaller and because the anticipated general
labor shortage will bring about more competition for all skilled workers.
In an environment characterized by a shortage of qualified applicants for
teaching positions, school district practices in recruiting, screening, and
hiring teachers may have a considerable impact on the distribution of
qualified teachers across school districts.

Conclusions

The evidence on school district hiring practices has two implications
for understanding teacher supply and demand. First, as the demand for
new hires increases in the 1990s due to increases in both student enrollment
and teacher recruitment rates, recruiting, screening, and hiring practices are
likely to have a much greater impact on a school district's ability to attract
skilled science and mathematics teachers than is the case in the late 1980s.
Districts that are able to offer attractive salaries and working conditions,
to recruit aggressively, and to make offers in a timely fashion will be much
more successful in attracting skilled teachers than districts that cannot. As a
result, the variation in practices that currently exists may result in significant
disparity in the quality of new hires attracted to different school districts.
A particularly disturbing aspect of this prediction is that districts serving
large numbers of disadvantaged children tend to have hiring practices that
do not contribute to attracting skilled teachers. District practices through
which seniority rules may restrict new hires to the least desirable school
in the district or which introduce a long waiting period before vacancies
can be opened to outside applicants are disincentives, as is uncertainty of
initial school assignment. Consequently, increased competition for skilled
teachers is likely to result in an additional factor contributing to the set of
reasons that such children tend not to receive high-quality education.

A second implication of the qualitative evidence described in this
section is that increasing teachers' salaries, although perhaps a necessary
condition for attracting more skilled teachers to individual school districts, is
not a sufficient condition. For example, it is unlikely that significant salary
increases in the second district Shivers studied would lead to improved
school faculties unless screening practices are reformed.

One might argue that these two implications drawn from the case
studies are not particularly relevant to assessments of the adequacy of
teacher supply and demand models. This would be 7orrect if the goal of
the models is seen in terms of assessing the overall balance between the
demand for teachers and the supply of te tiers. However, to the extent
that the models are used to measure how well all school districts are able
to provide qualified mathematics and science teachers to all children, then
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differences in the practices school districts use to recruit, screen, and hire
teachers are extremely important.

SUMMARY

We have taken a close lock at the effects of incentives to pursue a
teaching career in science or mathematics on the supply of teachers. The
factors influencing the individual's choices are beyond what the normal
projection model can capture. Although better behavioral models are
needed to measure the sensitivity of teacher supply to incentives, a number
of research issues will have to be investigated before the models can be
developed.

In addition, although the teacher supply and demand models con-
sidered in the panel's interim report do not use school districts as units
of analysis, many decisions are made at the district level that affect sup-
ply and demand. As our case studies and interviews with school district
personnel directors have shown, school districts vary greatly in the initia-
tive they exert to fill their demand for teachers bf subjects experiencing
shortages. Individual maneuverability in recruiting and special or external
circumstances affecting a district are key factors that influence a district's
science and mathematics supply and demand situationand these factors
may outweigh those factors that can be quantified for modeling. These
realities are central to the workings of supply and demand for science and
mathematics teachers and should be monitored to the extent possible, as
described in the following chapter and in Chapter 6. Chapter 6 concludes
by recommending a series of confcrences with a sample of school districts
held on a regular basis, to discuss these factors and explore ways of rec-
ognizing them in statistical and descriptive reports on teacher supply and
demand.



4
Monitoring the Supply Pool

of Science and Mathematics Teachers

In this chapter we look at the models used at the national and state
levels for projecting the supply of teachers for the next year, the components
of these models, and what we would like to know to monitor more effectively
the supply pool and its components.

The models examined in the panel's interim report (National Research
Council, 1987c) were the projection model used by NCES and the teacher
supply and demand models and projections developed in six states: Cal-
ifornia, Colorado, Illinois, New York, Florida, and South Carolina. They
are most commonly projection models, which attempt to project teacher
supply and demand and reach conclusions about surpluses or shortfalls of
teachers at a point in the future,

Useful models should incorporate four major characteristics. The first
is behavioral content, by which we mean models of relationships between
variables in the environment and the behavior of actors in the education
system. An example of a behavio.al component in a model of teacher
supply would be the estimated impact of salaries and working conditions
on the decision of teachers to continue or to leave teaching. The models
examined are limited by the lack of behavioral content. The second major
characteristic of useful models is disaggregation by geographic area and
subject field, and the third is quality measurement. Some of the models
examined in our interim report incorporate useful refinements, such as
the use of age-specific and field-specific attrition rates in projections of
continuing teachers. But one key problem is a lack of useful geographic
disaggregation. Moreover, only abcut hzlf the state models examined
disaggregated data by subject field). Nor do models deal in a satisfactory
manner with the issue of quality. When models consider this dimension at
al:, the definition of a qualified teacher is equated with certification.
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Finally, useful supply models should include all the sources of supply.
Among the state models and the National Center for Education Statistics
model that were the central focus of the panel's interim report, none
provides what we regard as a detailed analysis of the contribution of the
various components of potential teacher supply. Most of the models ignore
supply sources other than newly certified teachers or some equivalent. The
NCES model until recently limited projections of new entrants to new
graduates of teacher training programs. Other definitions that are used in
state models include students enrolled in the state's education programs
and the number of newly certified persons. NCES and some state models
have more recently broadened the components of the teacher supply pool.

Among these state models, the California PACE model (Cagampang
et al., 1986) represents the most fully developed analysis on the supply
side, with projections of the supply of new entrants from four sources:
(1) new or recent graduates of California credentialing programs, (2) new
credential holders from out of state, (3) teachers entering from the reserve
pool of nonteaching credential holders, and (4) college graduates who
pass the California Basic Educational Skills lbst and obtain emergency
credentials. Because of inadequate data sources and the lack of knowledge
of the supply behavior of the various new entrant components, however, the
PACE model relies largely on extrapolations of historical hiring patterns in
the state which are not the same as projections bascd on behavioral supply
relationships

Overall, it is the panel's view that current models of teacher supply
and demand have very limited usefulness for defining education policy and
consist of little more than plausible extrapolations of relationships that are
largely based on cohort survival techniques on both the demand and the
supply sides. None of the models has any serious behavioral content
i.e., on the relationship between changes in circumstances (e.g. salary,
working conditions, pension benefits, economic recession) and changes in
the numbers and kinds of people interested in obtaining teaching positions
or in the numbers and kinds of teachers demanded by school systems. Since
much of the research needed to incorporate behavioral content in supply
models has not been done, the panel considers monitoring supply to be
thc best course of action. By monitoring supply we mean gathering data
relevant to teacher supply periodically and monitoring trends in the data.
In the short run, efforts are needed to improve the consistency, scope, and
quantity of data available for monitoring teacher supply. Concurrent with
monitoring, research should be conducted to support behavioral models.
As research findings on the relation between the incentives discussed in the
preceding chapter and supply become available and the relevant data bases
are developed, resources can be devoted to behavioral modeling. This
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chapter assesses the data that are now or could be collected to monitor the
supply situation of science and mathematics teachers in this country.

MONITORING POINTS ALONG THE SUPPLY PIPELINE

The number of teachers employed in schools nationwide is augmented
each year by new graduates from teacher training pogroms, newly certified
teachers who enter teaching from other pathways (such as collaborative
arrangements with industry), and previously certified teachers who arc not
teaching but have chosen to reenter the profession. The number of teachers
employed is diminished by attrition due to retirement and other causes.
Thus, monitoring supply requires keeping track of changes in the supply
pool over its various stages. It requires data on certification, on incentives
that motivate people to apply for or accept teaching positions, on new
hires, and on attrition and retention rates.

NCES recognized the importance of statistics to monitor teacher supply
and demand in the United States and initiated the Schools and Staffing
Survey (SASS), an integrated set of questionnaires that are designed to
provide several of the types of information sought. SASS is described in
greater detail in Appendix B, along with descriptions of other national data
sets. The first SASS questionnaires (for school districts, schools, school
administrations, and teachers) were fielded in school year 1987-88. A
follow-up survey, of all teachers in the base year who left teaching and a
subsample of teachers who remained in teaching (both those who remained
in the same school and those who moved to another school), was conducted
in the 1988-89 school year. Thus, not only are current teachers included in
SASS; there is follow-up information from subsets of teachers who left and
teachers who remained. If SASS produces the data sought, the survey will
provide the most valuable data related to teacher supply and demand the
naticn has had. As with all new surveys, some skepticism is in order about
the ability of SASS to meet all its goals.

A useful way to envision components of supply that should be mon-
itored is to identify stages along a pipeline, as outlined in Chapter 3. AL
the beginning stage are college students planning to teach. The pipeline
progiesses through degrees earned and certification, the decision to enter
teaching, through retention and attrition rates.

One could add high school students' aspirations to become teachers
at the very beginning of such a pieeline. However, although a high school
student's expression of interest in a future career generzlly indicates the de-
gree of regard for that kind of career or calling, it is proLably not a reliable
indicator of actual career choice. The Office of Thchnology Assessment's
1988 report, Elementary and Secondary Education for Science and Engineer-
ing, usefully describes a pipeline model that includes precollege students'
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views of and preparations for science and engineering careers (Office of
'Ichnology Assessment, 1988:6-20). It is used descriptively, however, and
not for statisticai modeling purposes. It states (p.6) that "students' inten-
tions remain volatile until well past high school, with substantial numbers
entering the pipeline (by choosing science and engineering majors) by their
sophomore year of college." For purposes of monitoring data and gener-
ating information on the supply of science and mathematics teachers that
could possibly be used in models, we begin the pipeline at the college level.

College Students Planning to Teach

The proportions of students enrolled in postsecondary education who
are majoring in education; in mathematics; in computer science; in physical,
biological, and earth sciences; and in engineering are key components of
the supply of science and mathematics teachers at this early stage cf the
pipeline. The number of education majors is in decline, and many who
may wish to teach now pursue a subject major. Therefore, monitoring the
number of education majors provides only a partial count of this component
of supply.

'lb gain a better understanding of the input to the pipeline, it would be
desirable to make fuller use of the data that exist on freshman aspirations.
Data from The American Freshman survey of the population of freshmen
in higher education (described in Appendix B) include intended major and
career aspirations and can be analyzed by sex and ethnicity as well. Data
from the occasional follow-ups of those who have remained in college after
two years and four years could be used to assess the value of freshman
aspirations in judging changes in input to the pipeline. It would also
be useful to have trend data on how many students who majored in the
subjects noted above (subjects that are the most likely source of science and
mathematics teachers) and who planned or did not plan to teach actually
did or dkl not obtain certificates. The High School and Beyond longitudinal
survey, which began in 1980, and the surveys of Recent College Graduates
(both conducted by NCES and described in Apper,dix B) can provide these
data for the science and mathematics majors in the samples of students
who were surveyed.

Research conducted by individuals using these data sets can address
issues in focused and informative ways. For example, Maxwell (1986)
used data from The American Freshman and followed a sample of 2,000
freshmen to their junior year, relating their intended majors (education,
not education), intended careers (teaching, not teaching), and declared
rnajcr as juniors to their high school grade point average and rank and
college grade point average. His findings (that the group who had not
intended to major in education but planned on a career in education and
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later declared an education major had higher college grades than did other
groups), although more related to quality, illustrate a wealth of informatioh
that could be used for research into supply questions, by subject major,
at the postsecondary stages of a supply pipeline. In Chapter 6 the panel
recommends measures to make these and other data more accessible to
researchers.

Certification

Certification requirements vary from state to state, and the certification
requirements in one state might not meet the requirements of another state.
In some states a bachelor's degree that includes certain courses carries with
it a teaching certificate. In other states, a year of teacher training beyond
the bachelor's degree is required. In some states, as much as a master's
degree (in teaching or in a subject discipline) is required for certification.
In addition, 21 states now allow alternative certification routes (such as
through a cooperative program with the military), and usually to staff
particular subject areas with shortages (McKibbin, 1988). The meaning of
national data on the number of certified teachers is somewhat ambiguous
because of the diversity of states' certification requirements.

lb quantify the pipeline leading to certification it is useful to look
at tile number of students enrolled in education programs. At present,
the major source of such data is the American Association of Colleges
for Thacher Education (AACTE), an association of approximately 1,200
member colleges and universities that have teacher education programs.
Periodically the AACTE conducts surveys of small samples of member
institutions to obtain data on the numbers of students enrolleo in these
programs.

During the panel's May 1988 meeting with personnel officers of seven
large school systems, they suggested that it would be useful to school
districts planning recruitment of teachers to know the number of people in
the pipeline by field. State education agencies should collect data on the
number of students and graduates preparing for certification to teach, by
field and by type of program (i.e., traditional or alternative) and make these
data available to districts on a timely basis. These data are indicators at
one juncture of the pipeline of potential additions to. teacher supply within
the next year or two.

Changes in the actual number of graduates awarded certificates to
teach science or mathematics should also be monitored. National data
should be compiled from state certification board data on the number of
new certificantsby type (regular, alternative, emergency) al d by subject
annually. As noted above, although different states have different certifi-
cation requirements and classifications, it should be possible to estimate
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comparable totals for categories such as science and mathematics (elemen-
tary and secondary) and to present disaggregated data when available.

Comparability across states would 'e more achievable if proposals to
standardize certification nationany through board certification (described
in Chapter 5) are implemented. Since teachers may be certified in more
than one category, these data will tend to overestimate the increase in the
supply of newly qualified teachers. In fact, these data provide an upper
bound of the change in newly qualified supply.

Information is also needed on the degree of reciprocity in certification
across states. This information can be used to indicate the extent to which
shortages in one part of the country could be filled by additional teachers
from another. The effect of reciprocity is a research issue that relates to the
mobility of the reserve pool The National Association of State Directors of
lbacher Education and Certification publishes states' reciprocity provisions
periodically in its manual on certification. Reciprocity, too, could cease
to be a problem if current proposals for national board certification of
teachers come to pass.

Large proportions of new graduates of teacher certification programs
do not go on to teach in the state in which they obtained certification.
Why? Follow-up data on new certificants are desirable to ascertain the
numbers and proportions of certificants who did not seek,were not offered,
or did not accept teaching positions offered in their states. The follow-
up questionnaire would probe for reasons why certificants did not teach,
alternatives they pursued, and salaries. The survey of Recent College
Graduates (RCG) is one possible source. It provides national data on
graduates one year after receiving an education degree. The final survey in
this series is scheduled for 1991, but it will be replaced during the next two
years by a national longitudinal survey of college graduates. States may
also find it valuable to follow their new certificants to understand loss to
the pipeline of teachers at this Juncture.

Data on the above aspects of certification would help to answer such
questions as: How have increased state requiremnts for teacher certifi-
cation affected enrollments in these programs or reentry after a gap in
teaching? lb whai extent do states' restrictions and requirements placed
on teachers moving from another state discourage them from reentering
teaching in the new state?

Another occurrence that should be monitored as a possible indicator of
shortage is the states' use of emergency or provisional teaching certificates,
in science and mathematics in particular. According to the NEA survey
Status of the American Public School Racher 1985-86 (1987:20), only
8.4 percent of 1,291 respondents in all fields sel they did hold such a
certificate. (The data were not presented by subject area.)
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Though the incidence seems minor, it would be desirable to have
data from the states or local school districts, over time, on the number of
teachers who hold temporary, provisional, or emergency certificates. SASS
collects data from a sample of teachers on these types of certifica.ion in the
teachers' primary, secondaty, and best-qualified teaching fields. The design
of the teacher sample will permit estimation of these rates of certification by
type nationally and regionally and by type of district and school. Analyzed
by subject, by region, or by type of area (e.g., rural, suburban, urban),
these data may indicate exhaustion of the reserve pool or a shortage in
a particular subject or in a particular geographic area. It would also be
important to know how easy it is to convert a temporary certificate into
a permanent one. Finally, it would be desirable to monitor the incidence
of obtaining certification through various types of alternative certification
programs. This could be done by adding a question on use of alternative
certification routes to the questionnaire.

New Hires

Newly hired teachers come from many different sources, including
new college graduates, former teachers, individuals who were certified but
never taught, and teachers who change residence. School district personnel
administrators indicated to the panel that typically a large percentage
of their new hires were experienced teachers, not new certificants. Some
administrators expressed a preference for experienced teachers. Descriptive
statistics in many states indicate that a substantial fraction of new hires
consists of teachers that fit into some category other than newly certified
teachers. For example, less than 20 percent of new hires of mathematics
and science teachers in New York State were new certificate holders; the
corresponding figure in Illinois is 40 percent (National Research Council,
1987c:113,103).

An urban school district in a western state that took part in the panel's
case study provides a more specific illustration of this phenomenon. There,
only 4 of the 16 science and mathematics teachers hired in the past 5
years were new to teaching. And of those 4, only 1 came directly from
college followed by a teacher training program; the other 3 had graduated
between 3 and 10 years earlier and had recently gone back to school for
their teaching certificate. Interviews with the teachars produced thumbnail
sketches of previously experienced new hires:

A newly hired mathematics teacher had taught science for 12 years
in a junior high school in a neighboring suburban district and grew to
dislike it. After other jobs for four years, he chose to return to teaching but
preferred mathematics to science to avoid the responsibility and liability of
labs.

110
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A newly hired chemistry teacher had taught for six years in a local
parochial high school, following a career in the Navy where he did teaching
and training full time. Without his retirement salary from the Navy, he
would not be able to support his family on a teacher's salary. He was
actively recruited by the district.

A science teacher, hired five years ago, had been laid off three
times, twice in this district and once in another district, all due to seniority.
With six years' teaching experience, he was offered a position in five schools
in this district five years ago.

A mathematics teacher was hired on a part-time basis at her
request. She had taught many years in another state, taught as a long-
term substitute in this district, then as a regular teacher, and plans to
return to full-time ten hing next year after her children have adjusted to
school.

A teacher was newly hired in mathematics but in fact had taught
chemistry at the same school for seven years. She began as a mathematics
teacher, which was her major, but after teaching 12 years in this district was
slated to be laid off. So she switched to chemistry (her minor) and waited
for a math position to open.

A mathematics teacher hired five years ago had taught at the junior
high level in this district for eight years before moving to the high school
level.

These examples and information from other states underscore the need to
obtain data on all of the co_nponents that make up the new teacher supply.

Even new certificate holders may not be from the traditional new col-
lege graduate channel: they may be older people who left their occupations
to earn alternative certification. A total of 21 states offers such a channel,
mainly to meet the needs of particular shortage areas. In most of these
states, alternative certificants constitute a small percentage of total new
hires (McKibbin, 1988). But some states are notable exceptions (Carey
et al., 1988:27-28): The New Jersey Provisional lbacher Program trained
240 mathematics and science teachers between 1985 and 1988. Among
the districts that participated in the California 'reacher itainee Program in
1984-85 and 1985-86, the program accounted for 61 (15 percent) of new
mathematics teachers, 101 (31 percent) of new biological science teachers,
and 24 (24 percent) of all new physical science teachers.

'lb monitor the supply of science and mathematics teachers, it is
necessary to be able to distinguish among the components of the corps of
new hires. Ideally, to monitor supply at the district level, data are necded
for the following categories by subject (chemistry, physics, biology, other
sciences, calculus, other math, other subjects):
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Certified teachers with no prior teaching etperience:
Certified before the last school year*

Out-of-state certificate
In-state certificate

Certified during last school year
Out-of-state certificate
In-state certificatewhether through a regular or an alterna-
the program

Certified experienced teachers:
Thachers returning from temporary leave*
Ihught prior year

Out-of-state
In-state but out-of-district

Did not teach prior year*
Last taught out-of-state
Last taught in-state but out-of-district
Last taught in-district

Noncertified college graduates with emergency credentials:
Ihught last year

In-district
Not in-district

Did not teach last year*
'These categories came from tne reserve pool.

Many of the districts in our case studies do not currently collect such data,
and only a few (generally the larger districts) disaggregate the data by
subject, as would be desired. SASS has been designed to collect such data.

Several other types of data could shed light on the supply of new hires.
These include information on inwntives to teach, reasons for selecting
one's current school or district, the number of applicants per opening, the
number of job offers per hire, and the extent of district recruiting. SASS
presently asks school administrators t,ow difficult it was in general (not
for specific fields) to find qualified applicahts to fill teaching vacancies last
year. If the respondent notes it was difficult in some fields, space is given
to write in those particular subjects.

Desired information regarding rim hires includes the ability to monitor
their incentives to teach. Comparative salary data are needed to indicate
the competitiveness of beginning teachers' salaries relative to the starting
salaries of alternative nonteaching positions. There is a question of just
how this comparison should be made, but one simple measure would be
starting salaries in industry for people with equivalent education, such as a
bachelor of science degree in mathematics. The College Placement Council
publishes these data annually (College Placement Council, 1988).

1.12
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It would also be useful to know the reasons why science and mathe-
matics teachers selected their current school or their current district and
alternative offers they had. Such data are not currently collected by the
SASS teacher questionnaire and were not part of the National Longitu-
dinal Survey (NLS) teaching supplement. The data would help identify
actions that schools or districts might take to attract well-qualified science
and mathematics teachers. However, if there is a national shortage, such
actions may only alter the geographic distribution of existing new teacheia.

11-end data on the ratio of applicants to vacancies by field could be
aseful, even though it is recognized that the number of applicants for a
position is a function not only of supply but also of aggressive recruiting and
of the characteristics of the district and its schools. Although an applicant
may apply for more than one vacancy, a decline in this indicator over
time would point to increasing shortages of applicants in a particular field.
Questions on the number of applicants could be added to SASS. aend
data on the ratio of job offers per hire could alert a district to changes in
the attractiveness of its positions, but sall (large) ratios could also reflect
a surplus (shortage) of teachers.

Interviews with school district administrators revealed how shortages
and surpluses in particular subjects were reflected in adjustments made
in recruiting practic:s. A shortage in an area of needfrequently for
minority teachers at all levelsoften would trigger an aggressive recruiting
effort, including trips to other states. It was often mentioned that a few
years ago officials traveled to cities experiencing teacher layoffs to recruit
science and mathematics teachers; today, however, the officials may have
few or no vacancies in these subjects, and no recruiting is needed. It would
be helpful to have data from school districts, perhaps building on SASS,
on the extent to which districts are shifting from screening applicants to
recruiting activelyby subject and by racial/ethnic group. When teachers
are in surplus, districts recruit near home (if at all) and usually need only
to screen and accept applicants. Thus, a count of the number of districts
engaging in active recruiting is an indicator of shortage, and growth in these
numbers over time suggests an increasing shortage.

The Reserve Pool

The reserve pool consists of people with teaching experience who did
not teach last year, or individuals who were certified to teach at least a year
ago but who have never taught. This reserve pool is a major source of new
hires. The National Education Association estimates that more than half
the new hires in the nation come from it (NEA, 1987f). In Connecticut,
more than two-thirds of the new hires in 1984 came from the reserve pool.
Returning experienced teachers constituted 55.5 percent of the new hires,
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and 12.0 percent were reserve pool members with no prior Connecticut
public school teaching experience (Prowda and Grissmer, 1986:18). Since
the reserve pool plays such a major role as a source of new hires, it is
important to know how large it is and where it is found, or at least to know
whether it is nearly exhausted. Concern about depletion of the reserve
pool is not a state issue, but can be a special urban, rural, or regional
issue related to the region's particular labor market situation. In major
parts of the state of Louisiana, for example, it is impossible to find certified
teachers to fill vacancies. Consequently, the schools are forced to hire on
a temporary certificate or to drop courses from the curriculum. In these
areas, not only is the reserve pool exhausted, but there are also insufficient
newly certified teachers who are willing to teach under the conditions
offered.

Little is known about who, among the various categories of people in
the reserve pool, desires to enter or reenter the teaching profession. Thus,
more important than estimating the size of the reserve pool is estimating
the supply potential of the reserve pool, because some of the individuals in
the reserve pool wou/d not reenter teaching under any conditions. Different
components of the pool can be expected to behave in very different ways.
For example, teachers on maternity or health leave during a given year, or
laid off and expecting to be called back, can plausibly be expected to return
to the teaching pool in the next year at relatively high rates; newly certified
teachers who did not obtain teaching jobs even though they have been in the
market during the last few years, can be expected to remain in the teacher
supply pool with relatively high probability; teachers whose credentials are
older and who have been out of the teaching market for several years have
a lower probability of being attracted back to teaching; while people with
teaching certificates who have followed a completely different career path
for many years have a much lower probability of being attracted to teaching.
In some states, as we noted above, everyone with a bachelor's degree is
potentially in the supply pool with some (arguably low) probability.

Several approaches could be followed to estimate the supply potential
of the reserve pool: new college graduates could be followed over time,
new hires from the reserve pool could be trackea backward, data could be
collected and accumulated on the numbe. of last year's certificants who
did/did not get teaching jobs, and state agencies could use state certification
files to study the reserve pool in the state.

Looking at these approaches in more detail, first consider what could
be learned by following new graduates over time. The best source for this
is data on the cohort of education majors in the Longitudinal Study of the
High School Class of 1972. Heyns (1988) has used this data base to study
entry and attrition of this cohort and to collect information on who left
teaching and who wants to return (potential supply in the reserve pool). She
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found that, by 1986, one-quarter of the education majors who completed
teacher training programs had never taught. 'Ivo other longitudinal studies,
High School and Beyond and NFI S:88, will provide similar opportunities
for studying the reserve pool in the future. Another source of one-year
longitudinal data is the Recent College Graduate (RCG) Surveys carried
out by NCES periodically from 1976 through 1984. Using combined data
from these surveys, the Office of lechnolog Assessment (OTA) analyzed
the career paths of newly qualified teachers (1988:55). It found that at
about one year after graduation 20 percent of newly qualified teachers had
not applied for a teaching position, and that the remaining 80 percent who
had applied for teaching jobs could be separated into 51 percent teaching
full time, 11 percent teaching part time, and 18 percent not teaching at all.
In fact, one year after certification, 49 percent of the certificants were in
the reserve pool.

It is also possible to study new hires who come from the reserve
pool, including both reentrants to teaching and individuals who have not
taught but who were certified over a year ago. The SASS questionnaires
for schools and teachers collect career information on both new entrants
to teaching and experienced teachers regarding their recent career paths;
these data will provide a rich resource for research on the reserve pool. It
will be possible to study age of reentry, occupation just prior to reentry,
the number of breaks in service, different patterns across different fields,
and differences among different categories of members of the reserve
poot If the proportion of new entrants coming from different categories
of the reserve pool (e.g., individuals certified in the past five years who
are first-time teachers, returning teachers from the same district, returning
teachers from the same state, returning teachers from out of state, etc.) are
monitored over time, the trends will begin to shed light on the adequacy
of fte reserve pool to meet the demand. The SASS data are expected to
provide an exciting opportunity for study of the reserve pool.

At the state level, an important segment of the reserve pool consists
of individuals certified by that state who are not currently teaching. By the
use of data from the retirement files and the certification files, it is possible
for some states to track certificants who still reside in the state and to
characterize that segment of the reserve pool by age, certification field, and
years of teaching experience. A survey of these individuals can determine
interest in teaching or incentives that would make teaching interesting to
them. This would give some measure of the potential supply in this segment
of the reserve pool.

A study of this type was carried out in 1987 for the Commonwealth
of Massachusetts by the Massachusetts Institute for Social and Economic
Research (MISER). MISER's Report on the Status of Teacher Supply and
Demand in Massachusetts (1987) used certification files to determine the
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percent of those certified in Massachusetts in a given year who were not
teaching the following year(s). Certificants were tracked for several years
forward. It found that certificate holders were hired as long as 12 or 13
years after certification.

Connecticut maintains an ongoing activity to monitor its reserve pool of
teachers. Part of that effort focuses on the nearly 3,000 new certificants who
did not take teaching positions within a year following certification. (Nearly
4,000 had received certificates; it was found that only 992 of them were
employed in public schools.) A random sample of 36.4 percent of these
individuals was surveyed in 1987 (Prowda and Beaudin, 1988). Addresses
were available for only 2,727 individuals certified in the state in 1985-86 but
not teaching in 1986.87. Questions included current employment and salary,
any prior teaching experience, undergraduate subject major and grade
point average, teaching application experiences, and future employment
plans. Certification files provided further information on subject specialties.
Among the results: the median age of the nonteaching new certificants was
33; on average, they obtained their certificates five years after college
graduation; slightly more than half had never taught full-time; the majority
were employed, usually in education-related work (substitute teaching,
enrolled as graduate students, tutoring, etc.); 52 percent had applied for
public school teach; .g positions for 1986-87; only about 30 percent of
respondents intended to apply for the 19P,7-88 year; and proportionately
fewer science and mathematics majors would apply than education, social
studies, and humanities majors. Salary sensitivity was analyzed using the
questionnaire data: "The probability that a non-teaching new certificant
holding a job outside of edacation applied for a public school teaching
position declined by 6.6 percent for each $10,000 he/she earned in salary"
(P.9).

The results of the Massachusetts and Connecticut studies are offered
as examples of what can be learned about certificants who have never
taughtan important segment of the reserve pool. While national data
are not available on certificants who have never taught, states can be
encouraged to gather such data, and NCES can :)mpile and disseminate
states' information accordingly.

1Wo research areas concerning the reserve pool warrant study. One is
to study how much change in incentives would be needed to attract reserve
pool members to teaching. The Connecticut study on salary incentives
could be repeated in other states. In addition, studying the number of
returnees to school districts in which there have been large salary increases
(e.g., Rochester, New York) could reveal some information on the size of
the potential supply in the reserve pool. Another topic would be the effect
of limited mobility on entry to teaching. It appears that people will move
a short distance but not a long distance to accept a teaching position. A
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study of the recruitment areas for urban, suburban, small town, and rural
districts would help define the geographic areas in which members of the
reserve pool represent potential supply.

In view of the major importance of the reserve pool to teacher supply
and the cencern that the other constituent of supply, newly certified teach-
ers, is decreasing, the panel urges that all of these types of data collection
and research activities be carried out.

Retention and Attrition Rates

New entrants to teaching are one major component of teacher supply.
The other major componentand the largestis the corps of continuing
teachers. Continuing teachers represent typically 90 percent of teacher
supply in any year. Models tend to use single retention rates or attrition
rates for projection purposes. More successful state models use attrition
rates that are differentiated by age or years of experience and by subject
field. We reaffirm our support, as stated in the panel's interim report,
for the use of timely, disaggregated data to determine the proportions
of teachers who can be expected to stay or leave. Improvements can be
built into SASS to ensure useful data on teacher retention and attrition
by subject. We again acknowledge that there are tricky problems in using
information on retention to project continuing teachers. For example,
teachers who leave one school may simply transfer to another, and for a
national portrayal of supply this kind of mobility needs to be subtracted
out. Models for a subject such as biology need tu be sure not to count as
continuing biology teachers those who were teaching another subject last
year.

In this vein, additional data are called for to monitor, over time, the
hnpertant phases of the supply pipeline encompassing retention and attri-
tion. lb what extent do science and mathematics teachers leave teaching
early in their careers? Do statistics indicate a large wave of retirements
in the next five years? 15 years? It appears from an analysis by RAND
of the teaching force in 1976-77, 1980-81, and 1983-84 that the proportion
of teed: 11 age 55 and over (9.5-10 percent) was quite stable. There was
a clustering of secondary school teachers in mid-career, (age 35-44); 36.2
percent of secondary school teachers in 1983-87 were in this age group, an
increase from 22.6 percent in 1976-77. The older members of this group are
expected to become eligible for retirement in about 15 years (i.e., 1998-99).
At that time thc beginning of a wave of retirements may be anticipated
(Haggstrom et al., 1988:8-9). For science and mathematics teachers, pat-
terns of age, years of experience, and expected retirements seem to be
similar. The 1985-86 survey of science and mathematics education by Weiss
(198']) found that the typical high school science or mathematics teacher
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in 1985-1986 had 14 years of prior teaching experience, compared with 11
years for a typical teacher in 1977some evidence of aging. The data do
not support the prediction of an unusually large wave of retirees in the
next decade. The class intervals in the Weiss study differ from those in the
RAND study, although she found that only 14 percent of secondary school
mathematics teachers and 16 percent of -secondary school science teachers
were over 50 years old (Weiss, 1987:64).

Data are thus needed from districts on the distribution of teachers by
level, age, race/ethnicity, sex, and discipline. Attrition should be classified
by retirement or other cause. Comparative salaries should be included
to glean more about the competitiveness of teacher salaries relative to
opportunity cost salaries. More specifically, information on the salary scale
is needed, unless both average salary and years of experience are available.
These data would enable the sepantion of attrition due to retirement from
attrition due to incentives to leave teaching in favor of something else. The
best prospect for obtaining these daia is probably SASS, which included
questions on attrition, by field, in the base year survey, but response to
thme questions was unacceptably small. The panel encourages efforts by
NCES to modify the SASS matrix questions on attrition to simplify and
improve response and to collect these data on a continuing basis. The
school questionnaire should be able to separate attrition due to moving
to another district frcm attrition due to leaving the teaching profession
completely, which reduces the national supply of teachers.

Overall changes in supply are affected by factors that make teaching
more or less attractive compared with other occupations. The SASS follow-
up survey of former teachers, conducted in spring 1989 and to be surveyed
again in 1991 and 1993, should provide data on this aspect on a national
scale. Another rich source of data that are available for analysis is the
supplemental questionnaire sent to over 1,000 past and present teachers
and those trained for teaching in 1986 as part of the fifth follow-up of
the National Longitudinal Study of 1972 (NLS-72) (see Appendix B for a
description of this subsample). In a preliminary analysis of the detailed
career histories of these current and former teachers, Heyns (1988) found
that nearly half (44.7 percent) of those who had taught for at least a year
were no longer teaching by 1986. She found attrition rates to be particularly
high in the first three or four years of teaching, and often it was male high
school teachers who left. Most of those who left were single and took
another job directly after leaving teaching; that is, the primary pattern of
nonretirement attrition was not women leaving for hmr.emaking.

Another factor that can influence the retention rate for a school district
or state is the portability of teachers' pensions. It would be useful to
have comparative information from states on teacher retirement policies.
Such information would be helpful for research relating retention rates,
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portability of teacher pensions and retirement policies, and particularly the
sensitivity of attrition rates to the generosity of tetirement provision.

The effects and the relative strengths of incentives such as retirement
systems and those such as salary and professional development opportu-
nities on attrition or retention are worth pursuing through better data
gathering. SASS does ask school districts about the minimum age, years
of service, and penalty associated with their retirement plans. Nonethe-
less, additional information is needed to improve the analysis of behavioral
components at the retirement end of the supply pipeline.

Teacher Mobility and Interstate Migration

Little information is available on teacher mobility. Although teacher
mobility in or out of a district affects supply at the district level, it affects
supply at the state level only if the migration is interstate and affects national
supply only if the teachers immigrate or emigrate. Effective monitoring of
teacher mobility should start with separation data from the states, in the
interest of avoiding double-counting. lb be checked is whether the state
can subtract "movers" from "leavers."

Little is known of the effects of interstate migration on the supply of
teachers for a given state, but large systems the panel interviewed in lexas,
Nevada, and Washington are noteworthy for major recruiting efforts out of
state, as are two of the large-city districts represented at the panel's May
1988 conference, the Los Angeles Unified School District and the school
district of Dade County, Florida. While some states may have information
on the in-migration of teachers (see Table 4.1 for Now York State), most
states do not maintain such data; for those that do, 'he data may not be
comparable with other states. The National Governors' Association (NGA)
surveyed 15 states in 1987 for information on teacher mobility and teacher
retirement system characteristics (NGA, 1988:9-10). SiK states were able
to provide informaticn on the number of new hires who had taught in
another state. The NGA concluded: "Clearly, this is another example of
the need for better educational statistics. Nonetheless, . . . the number of
experienced teachers moving into a state is large enough to be of concein
but manageable enough for a retirement sstem to attempt to accommoth..te
mobile teachers."

None of the states has data for out-migration to other states. One effort
to overcome that deficiency is a project funded b:. the National Science
Foundation through the Council of Chief State School Officers and the
Regional Laboratory for Educational Improvement in the Northeast and
Islands. Known as the Northeast lbacher Supply and Demand (NETSAD)
study, it is a seven-state cooperative endeavor being undertaken by the
Massachusetts Institute for Social and Economic Research. A primary
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TABLE 4.1 New York State Public School Classroom Teachers: New Hires by Type and Location of Occupation in Priur Year, 1975,
1980, and 1985

Locr.ticn/Occupation
Prior Year

1985 1980 1975

Number Percentage Number Percentage Number Percentage

In New York State
Education 13,282 73.3 9,149 74.8 7,503 65.2
Student 1,749 9.6 986 3.1 1,972 17.1
Homemaker 1,267 7.0 1,246 10.2 1,226 10.6
Industry 458 2.5 173 1.4 167 13
Other 1,377 7.6 669 5.5 649 5.6

Total 18,133 100.0 12,223 100.0 11,517 100.0



Outside New York State
Education 657 53.0 359 47.9 399 40.9
Student 261 21.1 186 24.8 355 36.4
Homemaker 86 6.9 66 8.8 60 6.2
Industry 61 4.9 28 3.7 22 2.3
Other 175 14.1 111 14.8 138 14.2

Total 1,240 100.0 750 100.0 974 100.0
Total

Education 13,939 71.9 9,508 73.3 7,902 63.3
Student 2,010 10.4 1,172 9.0 1.327 18.6
Homemaker 1,353 7.0 1,312 10.1 1,286 10.3
Industry 519 2.7 201 1.6 189 1.5
Other 1,552 8.0 780 6.0 787 6.3

Total 19,373 100.0 12,973 100.0 12,491 100.0

Source: New York State Education Department (n.d.b).
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concern of the project is to track the historical interstate migration of
teachers within the region. It was borne of the interest of the Chief
State School Officers in the seven states to establish a regional teaching
certificate.

The SASS teacher questionnaire includes information regarding the
occupation of teachers just prior to their current positions, which should be
a resource for studying mobility at both the state and district levels. In ad-
dition, the SASS follow-up survey of teachers who leave the districts in the
SASS sample, and further analysis of the NLS subsample of teachers and
former teachers, should provide some useful data on the behavioral com-
ponents of teacher mobility. Do they move for salary increases, for better
working conditions, or because their family moves? A different perspective
on the behavioral components of teacher mobility could be obtained from
in-depth discussions with a group of district personnel officers. A series
of in-depth conferences with school system officials is recommended in
Chapter 6.

lb summarize the discussion of this section, the supply of precollege
science and mathematics teachers can be envisioned as a pipeline marked
by a number of stages or decision points. These decision points should
be monitored for a clearer understanding of the incentives underlying the
decisions made by individuals as they move through college and the world
of work. Key decision points that call for further information are college
students' selection of majors and career goals; earning certification to teach
and to become cettified in certain subject areas; the decision either to
apply immediately to teach or to pursue a nonteaching activity; knowing
about the composition of the group of new hires; understanding the supply
potential of teachers in the reserve pool; and knowing more about the
decision to remain in teaching or to leave. At each stage we have noted
data that are needed to provide a clearer picture of the supply of science
and mathematics teachers.

A SPECIAL CASE: THE SUPPLY OF MINORITY TEACHERS

In the interviews ronducted with school district personnel administra-
tors across the country, they frequently mentioned a shortage of minority
teachers. If concentrated efforts were made to increase the number of
minoi ity science and mathematics teachers in particular, an indirect result
certainly would be an increase in the overall supply pool of teachers. In
this vein, then, we summarize the available data on the particular problem
of the supply of minority science and mathematics teachers.

Statistics collected by the National Education Association (NEA) indi-
cate that the proportion of minority teachers fell significantly between 1971
and 1986. In 1971, 8.1 percent of the teaching force were black and 3.6
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percent were of other minority groups. By 1986, however, black represen-
tation had dropped to 6.9 percent, and other minorities had declined to 3.4
percent (NEA, 1987e:14). Comparisons with minority school enrollment
proportions show how serionsly under-represented minority teachers are.
A policy statement issued in September 1987 by the American Association
of Colleges for Racher E acation (AACTE) summarized data from the
NCES on student enrollments (CES, 1987b) and from the NEA on teachers
(NEA, 1987e) in a clear illustration of the problem (AACTE, 1987a:3):

Blacks represent 16.2 percent of the children in public schools, but
only 6.9 percent of the teachers.

Hispanics represent 9.1 percent of the children in public schools,
but only 1.9 percent of the teachers.

Whites represent 71.2 percent of the children in public schools, but
89.6 percent of the teachers.

-fib trace the special problem of minority underrepresentation in pre-
college teachingand, when data are available, science and mathematics
teaching in particularselected statistics are shown below to illustrate the
monitoring of minority-teacher supply at eight stages of a supply pipeline

1 Minority enrollment in higher education. The data on minority
enrolLAents that follow were compiled by NCES and reported in its 1988
report Rends in Minotity Enrollment in Higher Education, Fall 1976-Fall
1986 (CES, 1988(1). Black enrollments in higher education went from
1.03 million in 1976 to a high point of 1.11 million in 1980 and declined
somewhat to 1.08 million as of 1986. Enrollment for other minority groups
has increased steadily since 1976: Hispanics (from 400,000 to 625,000 in
1986) and Asians/Pacific Islanders (more than doubling from 200,000 in
1976 to 448,000 in 1986). Black male enrollment has undergone the most
significant rate of decline among minorities, having fallen about 7 percent
between 1976 and 1986. In terms of propor"-ms, minorities generally
constituted approximately 17.9 percent of total enrollment in institutions
of higher educati, .11 as of 1986 an increase from 15.4 percent of total
enrollments in 1976. For blacks, however, the proportion had fallen from
9.4 percent in 1976 to 8.6 percent in 1986.

2. Interest in majoring in education. For college-bound black high
school seniors who noted their intended college major on their SAT back-
ground information forms, interest in majoring in education decreased
between 1981 and 1984. Baratz (1c.'6), citing the yearly profiles of college-
bound seniors published by the College Boa Id, reported that in 1981, 5
percent of black student respondents intended to major in education. But
by 1984 only 3.4 percent of black students intended to do so (pp. 9-10). And
when the mean SAT scores oi black high school seniors by intended major
are compared, the highest mean SAT scores are found among students
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headed for the fields of engineering, physical science or mathematics, and
biological sciences. The mean SAT score for students who were pLaning to
major in education was the lowest among the eight fields of study (Baratz,
1986:8).

3. Bachelor's degrees earned. T. appears that the minority teacher
supply pool continues to decline with _ wh stage along the pipeline. Most

.of the declines occur among blacks; other mincrity groups seem to continue
in the supply pipeline at greater rates than blacks, and at greater rates than
a decade ago. M reported by NCES in Education Indicators-1988 (NCES,
1988f:104):

Blacks earned fewer degrees in 1985 than in 1977 at all degree
levels except the first-professional (e.g., M.D., J.D.). The declines are
particularly significant when compared with increases in the young adult
black population during the same per;od: it rose 7 percent among 18- to
24-year-olds and 40 percent among 25- to 34year-olds. Men accounted
for nearly two-thirds of the drop in degrees [among blacks] . . . .

Hispanics, Asians and American Indians/Alaskan Natives earned more
degrces in 1985 than in 1977 at all levels. The increase among Hispanics
was in line with their population growth.

The number of bachelor's degrees in education (though this statistic
has limited meaning given the movement toward requiring subject majors)
fell significantly overall, from 143,462 in 1976-77 to 87,788 in 1984-85--a 39
percent decline. But for blacks it declined particularly steeply. In 1976-77,
12,922 blacks earned bachelor's degrees in education; in 1985, only 5,456
dida 58 percent decline (NCES, 1988f:290,292).

4. Pursuing a master's degree in education. In an NCES special report,
Hill (1983:18) reported a large decrease between 1976 and 1981 in the
number of education degrees earned at the master's and doctor's degree
level as well as the bachelor's degree level. Fewer students as a whole
obtained an advanced degree in education, but for blacks the number
declined more than for graduates in general. Overall, 128,417 graduate
students received master's degrees in education in 1976 (N"OES, 1986:130),
by far the most popular advanced degree pursued (next was the master's in
business, with 42,512 recipients). By 1985, only 76,137 master's degrees in
education were earneda dramatic 41 percent decline (NCES, 1988b:211).
For blacks, however, there was a 53 percent drop in the number receiving
master's degrees in education: from 12,434 in 1975-76 (Hill, 1983:27) to
5,812 in 1984-85 (NCES, 1988b:223).

5. Pursuing teaching versus other endeavors. W:iite the number of
blacks earning bachelor's and master's degrees in education fell substan-
tially between the mid-1970s and the mid-1980s, the total number of
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first-professional degrees and M.B.As awarded to blacks rose during this
period (Hill, 1983:27,29; NCES,1988b:223,228). In a Phi Delta Kappan
article documenting the shortage of black teachers, Patricia A Graham
cited a variety of data sources indicating decline in the supply of minority
teachers. Graham speculated about the alternative routes black students in
higher education could be taking (Graham, 1987:603):

Experts differ about the causes for the decline in the number of
black teachers and for the decline in the number of black students
seeking to major in education. The first explanation, favored by those
who believe that America is sivwly but inevitably progressing toward
racial justice, stresses tte trzed.er range of career choices available
to educated blacks toe Previously, teaching was one of the few
jobs available to college. _ cated black men and women. Because we
now see blacks in other professiom, we conclude that these successful
middle-class blacks would have been teachers in previous generations.
lb srime extent, this conclusion is probably correct, but not enough
1P2cks have moved into other professions as yet for us to be certain that
they represent displaced teachers .. .. Young blacks who are choosing
alternatives to careers in education are not shifting in significant numbers
to other professional fields.

The data we have available do not probe the alternative careers that
minorities are pursuing, and we believe this will be an important research
topic to study. The Survey of Recent College Graduates asks for the
respondent's race. This survey may hint at decisions made immediately
after college graduation, but it does not probe as deeply into alternative
career or schooling decisions as would be required to analyze fully this
special case of minority science and mathematics teacher supply. Data
from the follow-up surveys of the NLS-72 sample could be analyzed by
race/ethnicity to identify the career patterns minority students are selecting
and the career patterns they pursue.

6. New hires. The number of new hires into the nation's public
school systems is not ;mown nationally by racial/ethnic group, but it should
be available from SASS since the teacher questionnaire asks for the re-
spondent's race and subject taught. SASS is also expected to provide data
on what the person had done before entering teaching (though it does not
ask for the salary of the job held prior to entering teaching).

7 . The current teaching force. Among the general public-school teach-
ing force, the percentage of teachers who are black decreased from 8.1
percent in 1971 to 6.9 percent in 1986 (NCES, 1988b:70). The proportions
of secondary science and mathematics teachers in 1985-86 who are black
are lower stilL Among grade 10-12 mathematics teachers, only 3 percent
are black; among grade 10-12 science teachers, 5 percent are black (Weiss,
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1987:63). Most of the black and Hispanic teachers of science and mathe-
matics are in the elementary grades. The Office of lbchnology Assessment
(1988:58) posits: "For now, the proportion of minorities in the teach-
ing force is increasing slightly, but several commentators warn of future
shortages of minority teachers, particularly in mathematics and science."

8. Retention and attrition. Of 308 minority teachers surveyed as part
of Metropolitan Life's 1988 Survey of the American 'leacher, 40 percent
said they were likely to leave teaching within five years, as opposed to 25
percent of the 891 nonminority respondents (Metropolitan Life, 1988:22).
This may reflect the fact that 29 percent of the minority teachers surveyed
for the Metropolitan Lh t. project worked in inner-city schools, as opposed
to only 9 percent of the nonminority teachers. The Metropolitan Life
report summarized its findings on this aspect of teaching as follows (p. 5):

Almost three out of four of the dissatisfied minority teachers say
they are likely to leave, compared to about half of the dissatisfied
non-minority teachers.
Even among minorities who are very satisfied with their careers as
teachers, more than one out of five say that they are likely to leave.
Less experienced minority teachers are the most likely to say that
they will leave. Fully 55 percent of minority teachers with less than
five years of teaching experience say that they are likely to leave
the profession.

Little information is currently available on retention and attritionrates
of minority teachers. A study by Kemple (1989) of the career paths of
2,535 black teachers in North Carolina finds that, on one hand, over two-
thirds of these teachers, who began their teaching careers between 1974
and 1982, stayed in teaching through 1985-86, and over one-third who had
quit returned. On the other hand, the lilcelihood of teachers in this group
leaving has been increasing since the mid-1970s, suggesting that as blacks
gain access to other professions they may shorten their teaching careers.
Kemple stressed that "even minor increases in attrition will have large
influences on the overall representation of Black men and women in the
teaching force" (p. 2).

Data from the 1989 SASS follow-up questionnaires of teachers who left
and teachers wno remain, which are expected to be available in 1990, and
analysis of the 1986 survey of teachers and former teachers who took part
in NLS-72, offer the best possibilities at this time of national data capturing
much-needed information on alternative jobs taken and opportunity costs
associated with teaching science and mathematics. These questionnaires ask
for the respondent's race, subjects taught, length of experience, comparative
salaries, and decisions made regarding continuing or leaving teaching, the
pursuit of more schooling, or taking other positions.

1 - r ,
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Research is needed on the employment patterns of minorities and
especially the difference in response to opportunity by minority women.
Would increasing salaries attract them to teaching? Or is the cost of
teacher training the problem? From 1958 to 1965 state teacher college!,
provided blacks with easy access to education. Thq could live at home
while going to college and could get a degree with the opportunity for
income. A researchable question is whether the cost ot teacher training
relative to other occupational training has increased.

In conducting such research, analysis of odsting data by racial/ethnic
characteristics would be a productive first step. As a companion to the
docription in Appendix B of national data sets relerint to teacher supply
and demand, NCES has published a usefol compilation identifying six
minority student issues and relating them to 32 NCES surveys containing
racial/ethnic s'lta (NCES, 1989b).

In conclus )n, the troubling evidence thus far on minority science and
mathematics tea, hers suggests a disproportionately acute shortage of blacks.
The most valuable activity we can suggestfrom analysis of data from SASS
and other data sets and through the conduct of further researchwould
be to probe into alternative decisions black college students and graduates
make, alternative positions they pursue, and the opportunity costs they
perceive that draw them away from teaching science or mathematics.

SUMMARY

We have called attention to important gaps in the content of current
state and national models. 'lb understand fully the forces, influences,
and incentives that affect the supply of science and mathematics teachers
requires data and behavioral content that the current models do not capture.
A sequential approach toward the goal of improved national models is thus
recommended. For the short term, efforts can be made to monitor the
state of supplyby further analyzing existing data such as those from the
NLS-72, by building on the promising work of SASS, and by compiling and
disseminating staks' data, for a clearer portrayal of the supply situation in
this country. This chapter described existing and proposed data that can
serve as components of an effective monitoring system.

1 CS ..1
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5
Statistics Related to the Quality

of Science and Mathematics Teaching

As noted in previous chapters, the supply and demand for teachers of
mathematics is brought into equilibrium in the short term by adaptations in
the selection criteria for teacher or teaching quality. Thus a school system
unable to hire science and mathematics teachers at a preferred quality level
will have to lower its minimum quality requirements. Conversely, school
systems facing a supply of teachers of acceptable quality in excess of the
number they need will be able to choose those at the top of their quality
scale, thus ending up hiring teachers of higher quality than suggested
by their minimum criteria. While this comprises a generally accurate
description of school system hiring practices, it does not tell us anything at
all about what factors go into quality teachers or quality teaching. It is to
that topic that we now turn.

It should be recognized from the beginning that we do not have very
precise notions about what constitutes teacher or teaching quality, and thus
we cannot provide definitive prescriptions as to types of data that need
to be obtained in order to monitor either the level of teacher quality that
exists or changes over time in quality. The problem is that assessment
of quality is an extraordinarily difficult enterpiise, and existing research
does not go very far in identifying the factors that determine quality. It is
the panel's view that the right dimensions of teacher or teaching quality
are factors that produce a positive influence on student outcomesthat
is, higher quality in our view should be defined to mean better student
outcomes, gifen the influence of other forces besides teachers or school
system factors that influence student outcomes.

Perhaps the best way to summarize the current state of knowledge on
this topic is to note two sets of facts that come from existing studies of
teacher quality.

116
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1. Racher quality matters a good deal to student outcomes, in the
sense that it is possible to identify teachers who have produced well below
average outcomes. In this context, idendfr simply means that specific
teachers can be shown to produce relatively good outcomes, and other
specific teachers can be shown to produce relatively poor outcomes (Contra
and Potter, 1980).

2. If one tries to describe what factors are associated with teachers
who produce good outcomes or bad outcomes, one finds very little associa-
tion between particular characteristics of teachers and the resulting student
outcomes. That is, better formal credentials, better preparation in terms of
course work, more years of teaching experience, better scores on standard
tests of teacher qualifications, etc., do not generally show up as teacher
characteristics that are strongly related to better or worse outcomes (Druva
and Anderson, 1983; Hanushek, 1986, 1989). It has often been found that
teacher verbal ability is positively related to better student outcomes, but
the relationship is not exceptionally strong; most other factors do not show
up at all (Darling-Hammond and Hudson, 1986).

In sum, we know that there must be characteristics of teachers or of
classroom situations that produce better student outcomes, and qualities or
characteristics that produce worse student outcomes, but we do not know
what these chardcteristics or qualities are with any degree of assurance.

Although it may be surprising to some readers that so little is known
about what factors are related to teacher or teaching quality, a little re-
flection suggests that it is not so unusual that the state of knowledge is
so limited. If one were to ask whether some people are more effective
social workers and others less effective, whether some people turn out to
be very successful business executives and others less so, or whether some
people ar e. very successful at doing survey research interviews and others
are less successful, the answer in ell these cases will surely be that there
are very large differences in the degree to which people are successful
or unsuccessful in particular kinds of professional activities. If one goes
further to ask what factors are associated with success in being a social
worker, a business executive, or a survey research interviewer, the answer
will commonly be that very little is known about why some people succeed
and others fail. The probable reasons are that the factors making for
success are complicated, that personal characteristics and characteristics of
the particular environment interact and may be idiosyncratic to particular
situations or types of work environments, and that success has a lot to
do with motivation, energy, striving for success, interpersonal skills, and
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myriad other factors that come together in subtle ways to produce better
or worse outcomes.'

Given this state of knowledge, what should be done about the collection
of data that relate to teacher or teaching quality? It is the panel's view
that, although little is known about what factors are importantly related to
quality, something is known about the kinds of factors that probably play
some role in determining quality. We should try to collect the best such
set of factors, recognizing that the data collected will not be sufficient to
do a satisfactory job of explaining student outcomes. Thus in this section
we discuss a number of types of data that are probably related to quality,
although they have not been convincingly shown to be either strongly or
systematically reliable indicators of quality. These results may be caused by
systematic errors: for example, the better teachers teach higher-order skills,
but tests measure primarily lower-order skills, so the quality difference in
teaching is not measured.

The reader will note that we have talked about quality both in terms
of teacher quality and teaching quality. The two are not synonymous. By
teacher quP:ity we mean those personal characteristics of individuals that
enable them to be more effective in classroom settings: education level,
subject matter knowledge, interpersonal skills in working with students,
degree of inservice training, formal credentials, etc. By teaching quality we
have in mind a somewhat broader notion that encompasses not only teacher
characteristics but also the school setting in which classroom teaching takes
place. Thus teaching quality includes factors that are beyond the control
of the individual teacher: disciplinary norms of the school system or of the
building principal, support given by principals to teachers, the presence or
absence of inservice training opportunities or opportunities for interaction
among teachers, types of textbooks that are selected for use in the school
systems, amount of time allocated to each subject, number of classroom
hours taught, and so on. Thus, teaching quality encompasses factors that

1The nature of the problem is illustrated by the example of survey research interviewing. This
subject has been studied for many decades, and what we know with certainty are only a few
relevant facts, none of which is sufficient to design a test to predict success at survey research
interviewing. There are enormous differences in degree of success. Some interviewers achieve
close to a 100 percent cooperation rate and have virtually no refusals, collect consistently high-
quality data, and do so with relatively few hours expended in the interviewing task and thus have
lower costs. Other interviewers have extremely high refusal rates, do not collect consistently
high-quality data, and take a great many hours to produce relatively mediocre results. Although
we know that these differences exist, it has not been possible to identify personal characteristics
that would enable survey research organizations tc predict who will be a good interviewer and
who will not. Conventional demographic characteristics (educational level, experience, age, etc.)
arc of virtually no use in explaining success. Although a few personality characteristics seem ...)
have some a.;sociation with success, the state of knowledge is still relatively crude, despite a great
deal of methodological work.

i
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are .i.ot within the control of individual teachers, while teacher quality
includes only those factors that relate to the personal characteristics of
individual teachers.

In examining the quality of mathematics and science teachers, we
have in mind a broader notion than assessing the quality of teachers
who specialize in mathematics or science. Although some districts employ
teachers who specialize in science or mathematics as early as the fourth
grade, most teaching in mathematics in grades K-8 is done by teachers in
either elementary or middle school who may not be classified as science
or mathematics teachers, but rather as teachers who teach science and
mathematics. The distinction is important: we are interested in assessing
the quality of mathematics and science teaching on the part of teachers
who teach those subjects, and many of themprobably mostare not
specialized in the teaching of either science or mathematics.

Moreover, we are also interested in those dimensions of quality that
relate to preferences of the school systems for the types of teachers they wish
to hire. It is clear enough from our case studies, as well as from extensive
discussions with the personnel directors of large city school systems, that
mathematics or science teachers are not hired solely for the perceived
quality of their mathematics or science teaching. Many school systems
have other dimensions of teacher performance in mind when they hire
teachers. In some school systems, the ability to fit in with the community
is important; in some, the ability to teach other subjects or to direct
extracurricular activities is important; in some, the ability to work with
the types of students in the school system is perceived to be extremely
important. The basic point is simple enough: school systems do not hire
teachers to teach science and mathematics solely because of their perceiveo
ability to be effective in classroom settings. Rather, hiring decisions are
influenced by a great many other factors, some of which will necessarily
result in hiring people who are likely to be less effective in teaching science
and mathematics than teachers who were not hire hecause they lacked
other skills or characteristics.

In the remainder of this chapter, we attempt to sort out the major
ingredients of teaching and teacher quality that call for further data. We
look first at school system policies and practices and the school-level condi-
tions that can affect teaching quality. Next we look at the qualifications of
incoming teacherstheir college and professional preparation, their level
of achievement in science and mathematics, their cognitive abilities, and so
on. Finally, we examine other factors that also influence student outcomes
but do not fall neatly under either school system policies and practices or
teacher qualificatiors and characteristics: curriculum and textbook selection
issues, time-on-task issues, and issues relating to the home environments of
students. All of these do or may influence student outcomes to a substantial
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degree, and none is likely to be under the control of either the teacher or
the school principal.

SCHOOL SYSTEM POLICIES AND PRACTICES

The assignment of a teacher to courses and pupils appropriate to the
individual's educational background, certification status, and experience is
crucial to quality instruction in precollege mathematics and science. But
district personnel policies, budget constraints, and other external factors
can impede the ability to achieve the most effective match.

A policy maker with the specific goal of higher-quality instruction
often finds that it is difficult to change many of the policy variables that
affect the quality of instruction. District policies exist in a complex web
of competing goals and pressures. Even if the central goal is quality
teaching, the policy maker must also consider school system policies and
union contract provisions regarding recruitment, initial assignment, and
transfer and retention of teachers. A given set of policy guidelines can
have quite different effects depending on whether enrollment is stable,
growing, or declining. For example, seniority rules for assignment or
transfer have different effects in environments in which enrollments are
rising or declining. Personnel policies are also affected by the enrollment
size of a particular school system, the enrollment size of a high school, the
extent to which the curriculum is taught by specialists, and the match among
educational background, teaching assignment, and teacher and student
cultures.

Recruitment and Hiring Practices

Certain policies set by the school district, teacher organization, or state
school finance plan can have deleterious effects on the ability to hire the
most talented teachers. The examples given here apply not only to science
and mathematics teachers but probabt, also to teachers in general.

Discussions with personnel offices of large school systems suggested
that recruitment of new teachers by large districts with diverse student pop-
ulations was often hindered by the fact that recruiters could not specify the
school to which the applicant would be assigned. Many persons would find
such a school system desirable only if they could teach in a given section of
the school system or in a specified school. Since recruiters could not make
such commitments, or could not make those commitments early enough
in the recruitment period, candidates were lost to the school system. This
problem stemmed from district policies related to the timing of hiring, in-
terviewing, and specific placement. District policy in some systems requires
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the applicant to be interviewed only by the district administrator; subse-
quent assignment is a central office decision. Other district administrators
screen applications and refer promising candidates directly to principals,
who conduct the interviews.

The uncertainty of initial assignment also seemed to be exacerbated
by seniority rules of internal transfer. In one medium-sized school district
in a western state that participated in our case study analysis, internal
transfer rules took months to implement. With a tendency for junior high
science and mathematics teachers to request high school positions, and
for elementary teachers to request junior high positions, the process of
considering all transfer applications and then determining which positions
were actually vacant continued well into the summer. Job offers could
not be made until August. Since other districts could make job offers in
March and April, this district was left with candidates who had not obtained
positions elsewhere.

In some circumstances, the problems stemming from seniority rules
become especially severe when combined with rehiring rights after teachers
have been laid off due to enrollment decline or financial constraints. In
such circumstances, district rules, regulations, and practices rather than pro-
fessional judgment often seemed to determine the match between teacher
and classroom assignment. For example, seniority rules may restrict new
hires to the least desirable schools in the district. These rules may drive
teachers not only from the school system but also from the profession. Se-
niority rights may also prevail when teachers are transferred among schools.
When vacancies occur, the teacher with the greatest longevity in the school
system may have first choice. When enrollment detlines, teachers with
higher longevity in the school system, the school, or a teaching field may
have rights to bump less senior teachers. nit length of the waiting period
before opening vacancies to outside applicants greatly affects the district's
ability to sign on talented applicants. Many officials said they lose good
applicants to other districts whose ruks or budgets allowed them to hire
sooner.

Entollment size and composition also influence district policies. The
hiring restrictions of one large urban school system in the West contrasted
starkly with the innovative practices for meeting future needs employed
by a small suburban school system in the same region. The suburban
superintendent, in conjunction with a nearby college, recruited well-trained
graduates to fill projected vacancies. The smaller enrollment size and
relative wealth of the suburban school system, as well as the homogeneity of
the student population, accounted for the differences in practices between
the suburban and the urban systems. In another suburban school system in
the East, a teacher who attracted high school students to advanced science
classes had been allowed to develop his own teaching assignment. Such
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flexibility is less likely in a larger school system concerned with uniform
course offerings among schools. One of the reasons for more rules, and
sometimes less flexible ones, in larger school systems is the need to adhere
to goals of equity among staff members in conditions of employment.

Factors external to the school district can also affect local hiring prac-
tices. Increases in state-mandated graduation requirements for mathematics
or science can cause the district to fill vacancies in those fields with teach-
ers not yet certified in the particular subjects, in order to meet the state
requirement

As noted in Chapter 2, 42 states have added requirements in science
or mathematics since 1983. The Center for Policy Research in Education
(CPRE), which has surveyed the states' graduation requirements, has found
that in schools affected, about 27 percent of students are taking an extra
mathematics course and 34 percent an extra science course (CPRE 1989:33).
Many of these students are middle- to low-achieving, the CPRE study
relates (p. 35). CPRE inquired as to the nature or level of the additional
courses. In many instances the added courses were remedial or lowerlevel
science and mathematics courses (p. 35-36). The increased requirements
undoubtedly have changed schools' staffing patterns and course assignments
and have probably affected hiring pramices for science and mathematics
teachers.

State-mandated minimum competency test scores and state school-
finance formula constraints on local funds for laboratory equipment and
supplies, computers, teacher aides, or teacher salaries are other external
factors that local personnel officials must take into consideration in hiring
teachers. An unintended consequence of decisions made under these
conditions may be a loss in teacher or teaching quality.

Of course, not all rules act to restrict supply or make the task of
matching persons and assignments more difficult; certain rules may benefit
some school systems. When there is a potential for future growth in high
school enrollments, teachers in a school system may pursue advanced study
so that they can move from elementary school or junior high to high
school. Other teachers may be attracted to begin their career in the district
with a thought toward future advancement. Without seniority rules, there
would b no such encouragement, as new hires might occupy newly created
positions in high schools.

Data are needed to better describe the incidence of these and other
policies and practices that affect the ability to hire and place the most
promising candidates to assure instruction of high quality. The Schools and
Staffing Survey (SASS) does not yet provide data related to most of these
areas. In-depth conferences with a sample of SASS districts on a regular
basis are recommended (see Chapter 6) to gala mont accurate insights into
the use of such policies and practices.
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Misassignment of leachers

Racher assignment is critical to quality instruction in all subjects, es-
pecially so for science and mathematics. Misassignment of science teachers
can occur when a vacancy in a science specialty is filled with a certified
science teacher who is unfamiliar with that particular field. High schools
may be too small to have a full-time chemistry or physics teacher or even
a full-time biology teacher.2 In 1986-87, only 13 percent of teachers whc
taught physics in secondary schools had teaching assignments in physics
alone. Almost two-thirds of the teachers who taught physics had their
primary concentration of classes in chemistry, mathematics, or general and
physical science (American Institute of Physics, 1988:17). There may be a
need for one but not two science teachers. The same type of misassign-
ment can occur in mathematics, when a teacher is trained to teach areas
of mathematics other than that assigned or some other subject altogether.
In many states, it is legal to assign a teacher to teach part time in an area
in which the teacher is not certified, under a practice called out-of-field
teaching as opposed tu "misassignment" (Robinson, 1985).

Estimates of the prevalence of misassignment based on data from
the early 1980s collected by the National Center for Education Statistics
(NCES) and the National Education Association (NEA) vary considerably.
In a preliminary report on indicators of precollege education in science
and mathematics, the National Research Council (NRC) notes the erosion
of the quality of the existing teaching pool by misassignment of newly
certified teachers. This report cites NCES findings that, among bachelor's
degree recipients in 1979-80 who were teaching elementary or secondary

21n
one of the case studies, the employment of a full-timc chemistry teacher by a school syste:-..

was mentioned. This condition was treated as rare for the school systems studied. Such employ-
ment can be seen as unusual for the United States by examining some necessary conditions. If
one assumes that a teacher teachcs 5 classes and that a class has between 25 and 30 students, then
to teach a single subject at the same grade level requires 125 to 150 students per grade level. For
a 4-year high school this means a school enrollment sizc of 500 to 600. For a 3 year high school,
it means an enrollment size of 375 to 400. In 1982-839.5 percent of secondary students attended
schools below the latter size criterion. An additional 10.5 percent of secondary students met the
formel criterion. If only half of the students take a chemistry course, then slightly more than half
of the students, 53.3 percent, attend such secondary schools. If only a thkd of the students take
a chemistry course, then only slightly more than 10 percent of secondary students (13.4 percent)
attend schools of that enrollment size (NCES, 1986:68). That only a third of secondary students
are likely to take a chemistry course can be garnered from the fact that 65.4 percent of public
secondary school students take natural science (p. 41), and the average number of Carnegie units
(a standard of measurement that represents one credit for the completion of aone-year txnirse)
in natural science is 1.9 (p. 44). Expanding the ranges of possible courses in natural science to
include two courses in chemistry or chemistry and physics would indicate that only 3.9 percent
of schools, that is, the schools with larger enrollments that enroll 13.4 percent of the students,
would be able to hire a full-time chemistry or physics teacher.
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school full time in May 1981, only 45 percent of science teachers and 42
percent of mathematics teachers were certified or eligible to be certified
in the field in which they were teaching (NRC, 1985:52). More recently,
Darling-Hammond and Hudson (1987a:21) reported "estimates that vary
depending on who is asked to estimate the degree of misassignment (school
administrators versus teachers) and on how misassignment is defined." They
reported (1987a:21):

Not certified in area of primary assignment: 9-11 percent by teacher
report, 3.4 percent from central office administrators' estimates (NEA,
1982; NCES, 1985a).
Not certified for some classes taught: 16 percent by teacher report (NEA,
1982).
Len than a college minor in area of primary assignment: 17 percent by
secondary school teacher report (Carroll, 1985).

The 1985 National Survey of Science and Mathematics Education
found higher proportions for science and mathematics-18 percent of grade
7-9 mathematics teachers and 14 percent of grade 10-12 mathematics
teachers teach courses for which they are uncertified. For science teachers,
the percentages are 25 for grades 7-9 and 20 for grades 10-12 (Weiss,
1987:77-88).

Ransfer policies can sometimes lead to a misassignment and thwart
a teacher's potential for advancement. In our contacts with school district
administrators, a tendency was reported for principals to transfer teachers
from subject fields of surplus to subject fields of need. Often, these trans-
fers moved the teachers from their primary subject fields to different areas.
Ransfers of this nature took place due to changes in student demand for
subjects under stable enrollments as well as in times of changing enroll-
ments. Such transfers also occurred because principals sought teachers able
or willing to handle extracurricular tasks such as athletics, the school paper,
the yearbook, or 3tudent clubs.

The extent to which misassignment occurs today in science and math-
ematics may be greater than for other subjects. Data on the extent of
misassig, raent for all fields at the school district level will be obtainable
from the SASS Thacher Demand and Shortage questionnaire. It will also
be possible to estimate misassignment by field by using the SASS teacher
questionnaire. This questionnaire obtains courses currently taught by each
departmental teacher, the teacher's area(s) of certification, and college
major and minor. Estimates of misassignment by field as defined by certi-
fication status can be made using these data.

Since certification standards vary so much across states, the fact that
one was not certified in the field in which one is teaching does not
necessarily mean misassignment. 'lb obtain a more complete picture of



STATISTICS REL,4TED TO QUALITY 125

misassignmtnt, .Information on inservice training and actual course-taking
preparation should also be analyzed, as Darling-Hamt.o. d and Hudson
suggest (1987a: 21-22). The SASS teacher questionnaire represents a
promising step forward. It requests data not only on certification status (as
above), but also on degrees earned and major and niuor fields of study,
amount of course work in primary and secondary teaching assignment
fields, and, for teachers who teach any science or mathe. laths courses, the
number of graduate and undergraduate courses taken in various categories.
These are rich data to examine misassignment and out-of-field teaching.

Information feom SASS should be analyzed together with state certifi-
cation data on the number of emergency certificates issued in science and
mathematics; 46 states allow emergency ceriification. Of these, 30 require
university course work in order to renew and work toward full macation
(MrKibbin, 1988:32). Supplementary data would include state rules on the
extcut to which out-of-field assignment is legal. Such information from
various sources, when analyzed jointly, will help monitor the extent and
trends of misassignment in science and mathematics teaching.

Providing for Inservice and Continuing Education

Some of the most important district and school practices that affect
the quality of instruction are those directed to teachers already in place.
lb maintain quality instruction throughout their careers, teachers require
professional support from their schools and districts. This support includes
working conditions, facilities such as laboratories, materials and supplies,
collegial and administrative support, resources for continuing education,
and opportunities to influence decision making (Darling.Hammond and
Hudson, I987a:27-37).

District practices regarding inservice and continuing higher education
for thers in place affect teacher quality directly and can make it more
or less a11racth,e for a teacher to continue in a district. School districts
have been the primary sponsors of inservice programs, but such programs
are highly vulnerable to district budget cuts.

Decisions as to what kinds of inservice education to fund with a limited
budget affect teaching quality in ways that data alone may be unable to
illustrate. In one large, suburban, low-wealth district we studied, much
of the staff development budget was geared to weaker teachers. leachers
had little release film. during the school year- 17 days allotted for each
high school. Only about 20 percent of staff development was used for
college-level course work.

A national commitment to teachers' continuing education appears
to be missing. The federal government does support inservice education
through the Title II vogram of the Education for Economic Security



126 PRECOLLEGE SCIENCE AND MATHEMATICS TEACHERS

Act of the Department of Education and through the National Science
Foundation (NSF) 'leacher Enhancement Program (Office of Technology
Assessment, 1988:69), but funiing for both activities is severely limited.
Appropriations for f Title II prooram have been uneven, dropping from
$100 million in fis/ ;ar 1985 to $42 million in 1986, then $80 million,
$120 million, and $1..1 million in 1987, 1988, and 1989, respectively (OTA,
1988:123; U.S. Department of Education, 1989). These are small amounts
when viewed on a per-pupil or per-teacher basis. The Office of lechnology
Assessment notes by comparison that a $40 million education program
equates to a spending of $1 per pupil or $20 per teacher (1988:123). NSFs
'leacher Enhancement Program funds a small program of teacher institutes
emphasizing teaching techniques in science and mathematics. The institute
program is much smaller than it was in the past. Between 1954 and 1974
NSF spent over $500 million un teacher training institutes that at their peak
involved 40,000 teachers (OTA, 1988:119-120). The 'leacher Enhancement
Program has been revived somewhat since 1982, when it was virtually
nonexistent. According to Charles Hudnall of the NSF staff, from 1983,
when 311 million were appropriated, it has grown steadily to $43 million in
1989.

There is little national information available o.. the extent to which
inservice programsor other important professional resourcesare used.
Most ef the existing data or this topic were collected from teachers,
through self-reporting, in 1985-86 and reported in Weiss (1987). The SASS
local education agency questionnaire asks whether the district reimburses
teachers' tuition and course fees. It also asks whether free retraining is
available for teachers for shortage areas, and what those shortage areas
are. The school questionnaire for the 1990 follow-up of NELS:88 asks
principals (pri Aarily of middle or junior-high sc'lools) whether teachers
are rewarded with time off for professional workshops, extra materials,
choice of classes, etc. 'leachers in NELS:88 are asked about the number
of hours spent on noncollege inservice education. The NEA Survey of the
American Public School Teacher (described in Appendix B) includes three
fairly detailed items concerning inservice of various types over the past
three years, including how much of the teacher's own money was spent on
college credit programs.

More data on policies related to inservice and other professional
programs are needed from school dim a. Among useful measures a)
obtain on inservice program use would be the number of hours of inservice
training in mathematics, science, and related pedagogy accumulated in the
last 12 months. Graduate courses should be distinguished from refresher
workshops. Substantial inservice work in the form of graduate courses in
one's primary field may indicate a high level of quality and professionalism
or the intent to move from middle school to high school. The SASS teacher

1
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questionnaire asks whether in the past two years the teacher took any
inservice or college courses requiring 30 or more hours of classroom study,
the subject field, and a choice among several purposes for this continuing
education. NEM Survey of the American Public School Tbacher, conducted
every five years, also asks in considerable detail about kinds of inservice
and college courses taken in various subjects.

Beyond survey data, in-depth interviews with personnel officers from
a sample of SASS school districts, held on a regular basis in a conference
format, are recommended. These conferences could yield information and
context on inservice programs and the incentives behind them that no
formal data collection can achieve. In this vein, improvements in inservice
data are called for, perhaps using the NEA Survey of the American Public
School Teacher as a starting point.

Other Practices That Affect Teaching Quality

This section iscusses information on other practices affecting teaching
quality that is relatively easy to obtain (and in some cases available in a
national data set, as Appendix B shows).

Time allotted during the day for actual science and mathematics in-
struction. Darling-Hammond and Hudson (1987a:30) note some possible
indicators of time use: (1) amount of time within the school day allocated
to classroom instruction, preparation, nonteaching duties (bus duty, hall
duty, etc.), meetings with colleagues, conferences with parents and stu-
dents and (2) amount of time outside the school day teachers spend on
planning and preparation, grading classroom assignments, contacting par-
ents, working with students, completing administrative paperwork, reading
professional journals, and participating in other professional development
activities. With regard to the former categorytime use during the school
daythe National Research Council's Committee on Indicators of Precol-
lege Scien,e and Mathematics Education found that "the amount of time
given to the study of a subject is consistently correlated iith student perfor-
mance as measured by achievement tests ..." (National Research Council,
1985:106). Although it is possible to estimate instructional time through
course enrollment at the secondary level, teachers at the elementary level
have considerable latitude in the amount of time allocated to science and
mathematics. Because of concern about the small amount of time spent
in science instruction (Weiss, 1978), the committee recommended that
time spent on science and mathematics instruction in elementary school be
tracked on a sample basis at the national, state, and local levels (National
Research Council, 1985:106-7).
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Among current national data sets, the SASS and NELS.88 teacher
questionnaires and the NSF survey of science and mathematics education
appear to provide the most detailed data on time use.

Class size and teaching load bear on the teacher's ability to be effective.
Darling-Hammond and Hudson (1987a:30-31) note some evidence that
smaller class sizes are related to higher achievement, and they believe that
"the relation between class size and teacher satisfaction and commitment
has been, apparently, too obvious to warrant much study" (p.30). Such in-
dicators should be monitored regularly, with particular attention to changes
over time. The SASS, NELS:88, the NEA teacher questionnaires, and the
NSF survey of science and mathematics education collect such data.

Opportunities for collaboration and decision making, when encouraged,
lead to more discussion of teaching, more use of new ideas, more involve-
ment in solving teaching problems, and stronger commitment to teaching
(Darling-Hammond and Hudson, 1987a:32). Collaboration and participa-
tion in decision making also seem to reduce absenteeism and turnover.
Schools vary widely in opportunities for collaboration. In a medium-sized
urban district studied by the panel, new teachers received little support
beyond being handed the syllabus for the course. One new science teacher
said that she was sure that help was av; liable but she had no time for
discussions; she spent every free minute setting up or taking down labs.
One school included in another district -..ase study pairs each new sci-
ence teacher with an experienced teacher, and interaction is frequent. The
SASS and NAEP teacher questionnaires and the NSF survey of science and
mathematics education collect general, self-reported opinions by teachers
on these aspects of quality. While it would be difficult to measure the
effects of these practices with surrey instruments, they are noted because
researchers have found them to be related to teaching quality.

Salaries do seem to affect individuals' decisions not to enter teaching,
and low salaries influence existire teachers' propensities to take second
jobs (Darling-Hammond and Hr ison, 1987a:33). But research has shown
little about the effects of salaries on teacher performance. Among the
current national data sources, the National Education Association provides
data on starting salary of teachers and the SASS teacher questionnaire
inquires about salary, including income from nonschool employment and
total family income. This questionnaire also requests opinions of various
pay incentives.

A wide variety of data collection and research concerning school system
policies and practices that affect teaching quality have been proposed in
this section. We set priorities on these data needs in Chapter 6. It is
critical, however, to build a foundation of data about school and district
practices relating to quaFty and to embed the data in a context obtained

I 4 0
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by interaction with school districts (such as those recommended at the end
of Chapter 6).

MEASURING TEACHER QUALIFICATIONS

A good information base on the quality of the teaching force would
permit descriptive profiles of teachers and would allow for the measurement
of change in teacher characteristics over time. Such information may be
particularly important for understanding the quality adjustments that bring
supply and demand into equilibrium. In the future., it ....lay te possible to
introduce quality information focusing on teachers, as v..:11 Ls on school
and district practices, into models of teacher supply and demaiid.

Although certification is available as the baseline measure of teacher
quality, it is a most imprecise indicator. More comprehensive information
would be available from a teacher's transcript showing all courses taken. A
higher standard of quality still would be approval by a professional board
of standaras in science or mathematics. Thus, one presumes a higher level
of teacher knowledge as more of the standards are met and, therefore, a
better quality of instruction. It is clear that the number of teachers meeting
the standards declines as one moves from state certification to those of
professional associations, and to the qualitative rather than the quantitative
dimension of the professional standards. We discuss these standards of
quality in order of difficulty of attainment.

Certification as the Basic Proxy for Teacher Quality

When measuring quality of the supply of teachers of science and
mathematics, certification is the obvious first standard. Despite differences
among states in certification rules and the level of preparation implied by
the different standards, as shown in Appendix Table 5.1 (the tables in this
chapter appear at the end of the chapter), certification is easily monitored.
Certification does suggest some minimal level of knowledge and training.

Recently, alternative certification programs have been established in
21 states, in response primarily to shortages in particular subject areas, but
also in response to dissatisfaction with the quality of traditional university
programs (McKibbin, 1988). What do we know about the quality of teach-
ers certificated through these programs? In a survey of these alternative
programs, McKibbin concluded: "In most cases, the entry requirements
were equal to or greater than the requirements for entry into university
teacher education" (p. 34). But the weaknesses of the alternative programs
(which supply a very small percentage of all new hires in the states that
permit them) are similar to the weaknesses of traditional programs, McK-
ibbin added: "In the larger programs the training resembles the offerings

14.1.
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in university certification programs" (p. 35). He concluded that, although
alternative programs thus far do meet specific subject-area needs, they
do not seem to be superior in quality and they are not likely to replace
conventional routes to certification" (p. 35).

Certification, whether obtained through traditional or alternative certi-
fication programs, is generally a poor indicator of quality, even for teachers
of science and mathematics. Requirements are often nonspecific with re-
spect to required breadth and depth of subject knowledge. For instance,
in some states only a minimal number of hours in mathematics is spec-
ified with no level indicated (e.g., no requirement that the courses must
contain work in calculus or beyond). Certification is also possible in a
minor area, or as an endorsement on some other area; in these cases, even
fewer hours of a given subject are required. Nonetheless, certification is
the obvious first cut at a quality dimension of both the teaching force and
the supply pool. Hiring uncertified teachers often means a diminution of
quality. Conversely, increasing standards for certification can be expected
to improve quality. Monitoring changes in the number of teachers with
traditional, emergency, and alternative certificates, by subject areas, would
provide useful information on quality at a baseline level.

Course Preparation and Transcript Data

What is known about the actual course preparation of teachers of
mathematics and science? 'IWo studies related to the question are (1)
the analysis of mathematics and science preparation in the major teacher
training institutions of the southern states reported by Galambos (1985)
and (2) the study of a nationally representative sample of mathematics
and science teachers, which includes their course backgrounds, reported
by Weiss (1987). The research indicates that education majors tend to
have less course work in mathematics and physical sciences work than do
arts and science majors, although they tend to have more course work
in biology and geology (Galambos, 1985). Education majors also have
completed less college-level mathematics course work than ha .e arts and
science majors. The science preparation of education majors and arts and
science majors is quite similar. Both groups take about the same number
of science courses and accumulate about the same amount of laboratory
experience. The groups differ in the relative amount of ticiogy and geology
versus chemistry and physics that they take: two-thirds of education majors
take no chemistry or physics at all. Arts and science majors take almost
twice as much chemistry and physics as teachers do.

Course preparation required to earn certification to teach physical
sciences or life sciences can affect teacher quality in a rather unexpected

t42
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way: by classifying geology and earth sciences (which are relatively de-
scriptive courses) with physics and chemistry (which are quantitative), as
is commonly done, a teaching candidate can obtain certification to teach
physics/chemistry/geology by taking many geology/earth sciences courses
and few physics and chemistry courses. The certificant can then be as-
signed to teach physics and chemistry classes with only limited knowledge
of the subject matter. Disaggregation of geology from physics and chem-
istry in the science-teaching certification process should result in a closer
fit between teachers' course preparation and their certification to teach
certain courses.

Courses typically taken by those preparing to be elementary teachers
and secondary teachers are described below in more detail.

Elementary Teachers

According to a recent RAND report (Darling-Hammond and Hudson,
1987b:32), the typical preparation program for elementary teachers includes
four science courses and two and a half mathematics courses. A large
proportion of elementary teacher preparation is in social science or general
areas rather than in courses specifically related to subjects taught. Weiss
indicates that elementary teachers are most likely to have taken a biological
science course, a physical science course, but not chemistry or physics.
These teachers are likely to have content-specific methods courses in both
science and mathematics.3

Mathematical content courses designed specifically for elementary
teachers help explain the increase among these teachers in their confi-
dence to teach mathematics. Either they feel that they are well qualified,
or their perception of elementary school mathematics is limited to arith-
metic computation, which they feel comfortaole teaching (Weiss, 1987).
No such improvement in their confidence to teach science is noted. Ei-
ther elementary teachers take too little science course work in college, or
college-level science courses are not relevant for elementary teachers, or
both.

The importance of high-quality instruction in science and mathematics
at the critical elementary levi cannot be overemphasized. Science in the
elementary grades can become language artsthat is, vocabulary and not

3
Mathematics for elementary school teachers in the Weiss data are courses developed in the

1970s and designed specifically for teachers. In many paces they have solid course content that
is more appropriate for elementary teachers than precalculu 1r introductory calculus courses.
A consensus exists in the mathematics community on the coixept of these specifically designed
courses, which art considered to be a significant gain in elementary teacher preparation. Since
these courses differ from the below-college-level courses in the Galambos' study, the two types
of offerings should be distinguished from one another.



132 PRECOLLEGE SCIENCE AND MATHEMATICS TEACHERS

conceptual or experiential science, and the same can be said of mathe-
matics. The question concerning the preparation of elementary teachers
for mathematics and science gives rise to two contrasting answers. One
answer calls for a better preparation of all elementary teachers in science
and mathematics. The other answer calls for specialists to teach these
subjects beginning at the fourth grade. One relevant issue is the youngest
age at which children can comfortably tolerate varied teaching styles dming
the course of a day. While further research is needed toward raising the
quality of elementary science and mathematics teaching, for the short run
it is important to determine, perhaps through a future edition of SASS, the
educational background of teachers at the elementary level. What science
or mathematics courses or majors have they pursued?

Secondary Science and Mathematics Teachers

In the southern states included in the Galambos study, secondary
teachers complete a major in their content areas. The Galambos study
indicates, however, that they take fewer courses and fewer upper-division
courses in their majors than do their counterparts in arts and sciences.
Mathematics majors tend to resemble each other more closely than do
science majors. Secondary teachers, like elementary teachers, tend to
prepare more for biology than for chemistry or physics. As indicated
above, this fact may result from widespread offerings or requirements for
high school biology and more restricted offerings of chemistry and physics
as electives. The cause and result are not clear. Availability of biology
teachers may lead to a variety of high school course offerings. The Weiss
data show that secondary science teachers do tend to concentrate in life
sciences.

The Galambos and Weiss methodologies have limitations, and in some
aspects their results are not comparable. The Weiss data on course back-
ground were self-reported. Galambos collected transcripts, but one does
not know whether all the teachers trained in the Galambos study actually
took teaching positions. However, the Galambos and Weiss studies do
indicate the importance of course background data to gain a clear picture
of actual preparation programs.

Data on courses taken and transcript data would seem the most con-
crete measure of qualifications. Differences in course titles among institu-
tions and in course content could be assessed. Ranscripts could be used
to examine the teachers' majors while in college or graduate school and
to examine the teacher's academic preparation in terms of specific courses
taken. The transcripts could also be used to identify the teachers who
failed, withdrew from, or repeated required courses in mathematics or
science.

(4.I



STATISTICS RELATED TO QUALM' 133

Working from such a disaggregated data base, one could determine,
when a teacher does not meet certification requirements, whether it is a
case of (1) lack of subject background, (2) lack of student teaching, (3)
lack of content-specific methods courses, or (4) lack of general education
courses. When a person meets certification requirements, one could also
determine the degree to which the four factors considered above are sat-
isfied. ltanscripts are especially useful for assessing the backgrounds of
recent graduates. They are also valuable for monitoring the changes taking
place in teacher training programs. leachers educated 10 years ago, for
example, are unlikely to have had a course in computer science. leachers
trained today would be more likely to have that exposure. llanscripts
would document that sort of change. ltanscript data thus permit measure-
ment of change over time in preparation programs, and they can suggest
the prevalence of the four factors mentioned above among noncertified
teachers.

Collecting transcript data for national puiposes, however, could prove
too daunting a task except for a relatively small sample. NSF has con-
tracted for a transcript study for the science and mathematics teachers who
responded to the teacher questionnaire in NELS:88. This appears to be
an appropriate group of teachers to study since NELS:88 will also have
student outcome data and data on teaching practices that can be analyzed
in conjunction with the teacher background information.

When teachers move from elementary to secondary positions, do they
take more science or mathematics courses to strengthen their content
background? The SASS teacher questionnaire contains gaps in this area
of information. Respondents note the number of courses they have taken
in specific disciplines, but not when they were taken. One does not know
whether they were taken before or after the teacher moved from elementary
to secondary teaching, and therefore whether they were taken to strengthen
background.

Professional Standards as a Quality Dimension

A measure of higher quality of the teacher supply would be the number
of teachers meeting the Fofessional standards of mathematics and science
teacher associations for preparation programs. A slightly higher standard
still would be teachers who also meet the inservice education standards
of these associations. These professional association standards indicate
whether teachers have a subject background in science or mathematics that
includes a sense of how the discipline should be taught with regard to
content and student background (Richardson-Koehler, 1987).

The recommendations of professiona associations of mathematics and
science teachers call fox more than certilication for measuring the quality
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of the teaching force. The abbreviated standards issued by the National
Science Rachers Association (NSTA) and the National Council of aach-
ers of Mathematics (NCTM) indicate both the quantity and the pattern of
preparation (Appendix Table 5.2). The standards cover both elementary
and secondary teachers. Both the Galambos and Weiss studies suggest that
teachers often meet the quantitative standards but may nevertheless fail to
measure up to these criteria for quality: teachers take too many low-level
courses, and they devote too little time to the quantitative physical sciences
in favor of biological and descriptive sciences. For science teachers, the fre-
quent mismatch between preparation and assignment leads to instructional
situations in which the published professional standards are not met.

For secondary mathematics teachers, these standards are more likely
to be breached in terms of the pattern and quality of preparation, not
in terms of the total number of courses taken in mathematics, or the
fact that one majored in mathematics. A common yardstick of these
and other standards is that a secondary mathematics teacher's preparation
should encompass more than introductory calculus. More importantly,
the preparation program should sample areas within mathematics and
culminate in an overall sense of the discipline.

Most state certification requirements for mathematics include a content-
specific methods course. Some of the more recent alternative routes to cer-
tification do not have this requirement. Professional preparation specific
to the teaching of mathematics, including understanding of mathematics
learning, is an important dimension of quality. Both the NCTM and the
Mathematicai Association of America (MAA) guidelines include specific
recommendations for mathematics education courses. Data on the extent
to which these and inservice standards of professional associations are fol-
lowed should be collected and monitored over time, building on monitoring
activities conducted by the professional associations themselves.

Testing for Subject-Matter Knowledge

Most states now require that teachers pass a competency test as a
prerequisite for certification (Appendix Table 5.3). By the fall of 1987, 45
states had enacted competency testing programs as part of the certifica-
tion ,Irocess. And in 31 states, rules also required that students take an
examination for admission into a teacher education program.

One subject of debate concerns what competency tests should cover.
No nationally accepted test exists, so some states use commercially devel-
oped tests, and others design their own. They cover a combination of basic
skills, subject matter knowledge, and pedagogy. Appendix Table 5.3, which
shows the states mandating competency testing of teachers, indicates the

1. 4 6
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variety of tests employed. These range from low-level tests for screening
entrance to teacher education programs to exit tests from these programs
or for hiring, to more sophisticated measures such as the National Thachers
Examinations (NTE) area tests for teachers within a field. The NTE tests
for both subject matter and content-specific method. From test results, it
does not appear that the ability of prospective teachers qualified in chem-
istry, physics, and general science has been declining from 1980 to 1984.
However, as a measurement of instructional quality, the major limitation
of the NTE test is the weak relationship of test performance to teacher
performance (National Research Council, 1988:96). Other limitations of
tLe NTE are the fact that not all states require the test and the fact that
some test takers may not have taken teaching positions (National Science
Foundation, 1985:127).

The NRC Committee on Indicators of Precollege Science and Mathe-
matics Education recommended, as a key indicator of quality, "that samples
of current teachers be selected to take tests that probe the same content
and skills that their students are expected to master" (NRC, 1988:9-10).
More specifically, the committee recommended that tests be given every
four years to a sample of all teachers and every two years to a sample of
newly hired secondary school science and mathematics teachers.

The Holmes and Carnegie Recommended Standards

Within the past three years, two groups of education experts have
proposed more sophisticated measures of the quality of teachers' profes-
sional preparation. These groups call for placing greater requirements on
teachers in the preservice stagesensuring higher quality through more
rigorous preparation, certification and selectionand ultimately for more
professional autonomy once in the classroom. The two groups are (1)
the Carnegie Task Force on Thaching as a Profession, which has given a
grant to Stanford University to develop measures of teacher quality that
may be used by its pioposed National Board for Professional Thaching
Standards (Carnegie Task Force on Teaching as a Profession, 1986) and (2)
the Holmes Group, composed of 96 deans of education from universities
nationwide, which aims to develop higher standards for teacher education
at their institutions (Holmes Group, 1986).

The Carnegie group has proposed a three-stage voluntary assessment
process covering subject matter mastery, education courses taken, and
actual teaching performance, all under the aegis of a National Board for
Professional Thaching Standards. Researchers at Stanford have classroom-
tested measures of teacher quality for elementary school mathematics and
high school history teachers. Both of these classroom-based studies -1

It 4 7
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measures of quality seek to incorporate an evaluation of actual teaching
effectiveness with regard to subje .... matter, content-specific teaching, and
student characteristics. The development of these procedures could provide

better measures of quality than those now available.
Both the Carnegie and Holmes recommendations are similar in call-

ing for completion of a subject-matter major before initiation of training
for teaching. Both permit an introduction to education, but only at the
undergraduate level. Both are similar in calling for a restructuring of the
teacher corps. (Appendix Table 5.4 summarizes their major recommenda-
tions.) The Holmes Group categorizes teachers as "career professionals,"
"professional teachers," and "instructors." The Carnegie Forum distin-
guishes between "licensure" and "certification." Licensure would be what
is now called state certification. Beyond that, Carnegie's proposed National
Board for Professional Raching Standards would give board "certification."
The assessment technique planned for board certification would go beyond
knowledge and preparation of teachers to an assessment of their mastery
of teaching techniques in the classroom. The ultimate measure of the
quality of the teaching force would be the number of teachers that were
board certified or that were categorized as "career professionals" under the
Holmes definition.

The purpose of these measures is to enhance the general profession-
alism of the field and thereby attract and retain higher-quality personnel.
As these approaches are refined and implemented more widely, more so-
phisticated measurements or data on aspects of teacher quality should
emerge.

The changes called for by these groups, to the extent that they are
adopted, will revamp many existing practices and give rise to new questions,
some of which center on the supply response to changes in quality require-
ments. If teachers are required to study for five years, what adjustments
are required in compensation to attract teschers? If teachers are required
first : have a subject-matter major, will fewer or more persons continue on
for a teaching degree? Will states and localities fund the change? Will the
changes be willingly embraced or grudgingly made by prospective teachers,
school administrators, school boards, and taxpayers?

The Presidential Awards for Science and Mathematics Teachers

The Presidential Award for Enellence program for recopition of ex-
cellence in teaching, sponsored by the National Science Foundation, was
begun 11 1983. Each year an award is given to one science teacher and one
mathematics teacher in each state. Actually 54 jurisdictions are covered,
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consisting of the 50 states, the District of Columbia, Puerto Rico, the
U.S. Rust lbrritories, and the Department of Defense dependency schools.
Eligibility is restricted to teachers in junior high, middle, or high schools
with a minimum of five years of experience who devote at least half-time
to classroom teaching.

An examination of descriptions of winners reveals a profile of highly
visible teachers. Many have published articles in professional journals,
and all are involved heavily in after-school curricular activities, such as
workshops and student projects. A few have higher degrees in their fields.

Each winner receives a monetary award of $5,000 given to the school.
The candidate indicates how the morey should be used. The range of uses
includes travel expenses to attend courses, stipends for outside speakers,
computer hardware and software, and science equipment. In a number of
instances the money has been designated for materials that one would think
the school budget should normally provide. There has been no follow-up
on how the money is actually spent.

We recommend that there be a follow-up study at schools of previous
winners to determine "quality" effects of the awards. In how many schools
were the monies used for basic materials that would normally belong in the
school or district budget? lb what extent could the findings from follow-up
analysis of the awards and recipients yield information about quality of
instruction and the qualifications of the teachers?

The award winners constitute an interesting group for research. As
an example of possible research, one study of 34 winners of the 1983
Presidential Award for Excellence in lbaching Mathematics was conducted
by Yamashita (1987) to compare their level of professional development
with that of a comparison group who were members of NCTM. A list
of 21 professional development activities was given to all the participants
to rate for importance to their own professional development. Awardees
rated the most imporant activities as attending conferences and institutes,
reading and writing for journals, developing curriculum beyond that for
their immediate courses, advising student math activities, and teaching
inseivice courses. The comparison group rated writing for publication
and consulting as of primary importance; the other activities mentioned
above were rated less important to them than to the awardees. Awardees
participated in more activities than did the comparison group. Yamashita
concluded: "It may well be that the most distinguishing difference between
the awardees and the comparison teachers in this study is the number
of activities in which they engage and the higher energy level manifested
therein" (p. 66).
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TEACHER QUALIFICATIONS AND STUDENT OUTCOMES

Evidence

The literature to date does not indicate strong relationships of measur-
able teacher qualifications and such educational outcomes such as student
performance oil standardized tests. In a meta-analysis of 65 studies that had
sought relationships between science teachers' characteristics and teaching
effectiveness or student outcomes, Druva and Anderson (1983) find gener-
ally weak correlations, and many of these correlations were based on only
one study. However, certain positive correlations are identified, on the
basis of more than one study, that warrant statements of results: teaching
effectiveness is positively correlated with the number of education courses
taken, the student teaching grade, and length of teaching experience. Stu-
dent outcomes are positively correlated with teachers' science haining and
general educational preparation. And this correlation between teachers'
science training and cognitive student outcome is progressively higher in
higher-level science cources.

From studies summarized in a comprehensive literature review by
Darling-Hammond and Hudson (1986:24-32), it appears that certain teacher
characteristics exhibit some positive relationship (often weak) to student
performance: verbal ability; number of mathematics credits (for mathemat-
ics teachers); educational background in science, particularly for science
teachers in higher grades; recent continuing educational experience; in-
volvement in professional organizations; years of teaching experience; and
positive attitudes toward teaching, flexibility, and enthusiasm. Other mea-
sures, such as IQ, National Thacher Examination (NTE) scores, and various
measures of subject knowledge, have not shown any relationships to out-
comes.

In a review of the literature, Blank and Raizen (1986) note that
the failure of any research to establish a strong relation between teacher
-hlracteristics and student outcomes may be explained by a number of
prL oms with the research to date on teacher effectiveness:

The degree of variation in the independent variable, e.g., NTE
scores, is often so small that no effect on outcomes would be measa :e.

Many studies have not included teachers with emergency certificates
or low levels of training in the field in which they were teaching, so mat,
again, one would not expect to find strong relationships of such measures
as extent of subject preparation and outcomes.

Many studies have used student achievement tests as 'le sole
measure of outcomes. The tests themselves may not relate to the goals of
the students' courses; moreover, other measures such as attitudes toward
science or math might show different results.
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In sum, the presumption of a relationship between 1:,her teacher qualifi-
cations and improved instruction is in need of testing dnd should not be
discarded.

Implications for Data and Research

The panel reaffirms its earlier recommendations that relate to mea-
suring teacher qualifications and their relationship to student outcomes
(National Research Council, 1987c:8). Both the case studies and the meet-
ing with larg( district personnel officers confirmed the usefulness of these
recommended data collection efforts. As stated in the interim report:

1. We recommend that the National Center for Education Statistics
surveys of teachers regularly include:

Meastnes of general intellectual ability and of academic prepa-
ration to teach mathematics and science fields, particularly for new entrants,
in order to provide tiri, series for monitoring and analysis. These measures
should be obtained to the extent possible from transcript records rather
than through survey questions.

For experienced teachers, measures of recent inservice prepa-
ration and participation in piofessional activftie thematics and sci-
ence ds. Those surveys should also obtain me.. :,ears of teaching
mathematics and science distinct from total teac:114ig experience.

Measures of certification (type and subject fields). We also
recommend that the h'::ES obtain and oissemina:.c available information
on state certification policies and practices; we note that NCES has since
published such information (NCES, 1988b, p. 123).

2. We recommend that further research be conducted on the re-
lationship of measurable characteristics of teachers of mathematics and
science to educational outcomes of students in these gelds. In order to
permit comprehensive and methodologically appropriate research on this
issue, the National Educational Longitudinal Study of 1988 should in-
clude appropriate measures of student outcomes together with a rich set
of teacher characteristics and chaiacteristics of schools and dLstricts. (We
note that NCES includes such data items in NELS-88.)

Research relating teacher qualifications and student outcomes may be
pursued using student and teacher questionnaire data from the 1985-86
NAEP assPssment for science and mathematics as a starting point. NELS:88
is another useful so,irce of information, especially for longitudinal research.

Of all the national data sets highlighted in Appendix B, the Schools
and Staffing Survey asks for the greatest level of detail regarding teachers'
qualifications. SASS asks teachers in detail about their past teaching exp( -
rience, breaks in service, and previous occupation. It asks for the teacher's

5 1
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major and minor at every postsecondary level completed, the year each
degree was completed, and the name of the undergraduate college. The
respondent further notes in what field he or she teaches the most classes
and the second-most classes. The respondent then is to provide the num-
ber of courses taken in these fields. For teachers who teach any science or
mathematics in grades 7-12, there are data on number of courses in science
and mathematics areas. SASS further asks detailed certification questions
regarding field(s) and type (full, probationary, or emergency) for each field.
The teacher then describes the amountand purpose ofinservice or col-
lege courses taken in the last two years. Whether these courses were taken
in the teacher's primary assignment field is also discernible through the
questionnaire. Thus, with its ability to single out science and mathematics,
the SASS teacher questionnaire will advance the level of statistical infor-
mation on teacher qualifications far beyond the mere presence or absence
of certification.

From the district's perspective, SASS asks district respondents which
screening devices they useor requirefor hiring: full state certification;
emergency certification; graduation from an approved teacher education
program; college major or minor in the field to be taught; passi,,g of a
district test; passing of a state test of basic skills; passing of a stlte tt..; of
subject knowledge; passing of the NTE.

Screening devico used by districts, which constitute standards of qual-
ification, and their changes over time should be monitored through SASS
and by continued collection and dissemination of certification data from
states. However, the collection and use of more statistics related to teacher
quality must be tempered as tl ir limitations are recognized.

There are some statistics not included in SASS, such as NTE scores,
grade point averages, and other information that transcripts would provide.
The NSF-sponsored teacher transcript study being carried out in conjunc-
tion with NELS:88 will provide the opportunity to explore the potenti,1 of
transcripts as measures of academi, background. In Adition to transcript
data, monitoring changes in admission .--,tandards for teacher education
programs, by publishing data collected by the American Association of
Colleges for 'leacher Education (AACIE), is also recommended.

Finally, research is needed on the supply response to changes in certi-
fication requirements. By itself, more stringent qualification requirements
will tend to reduce the supply of new teachers unless it is offset by salary
prospects, greater prestige, or better working conditions. Absent any of
these offsets, tougher qualification requirements are likely to shift supply
between school districts 4nd states, not produce a more qualified supply
pool.
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OTHER SCHOOL AND HOME FACTORS THAT AFFECT OUTCOMES

Much of the impetus for concern over the quality of precollege science
and mathematics teachers arises from the widespread evidence that U.S.
student outcomestest scores and general level of literacyin science
and mathematics are poor. The possibility must be raised, however, that
the problem underlying these low outcomes does not lie solely with the
quality of teaching or the qualifications of teachers. Educational outcomes
are a complex product of student and family inputs, teaching inputs, and
educational curricula. Poor outcomes can be due to factors entilely beyond
the quality of the teacher corps. This section addresses some of the most
important of these factors.

Curriculum Structure

The influence of curriculum structure on U.S. students' mathematics
test scores is under debate. It is argued that the consequences of a layered
curriculumthrough which students are mtroduced to relatively little new
material each year through grade 8, and much of the mathematics training in
any given year is thus basically revieware boredom and lack of mastery of
the key ideas involved in the development of mathematical skills. A related
criticism is that mathematics textbook pioducers, in trying to market their
product to as many school systems as possible, end up with a light treatment
of many topics rather than intensive treatment of a few topics. Since the
basic text is the primary resource used by most precollege mathematics
teachers (Weiss, 1987:31, 39), and since the text usually favors breadth
and memorization of facts over depth (Office of Thchnologi Assessment,
1988:30-34), the result is that students master few if any of the key concepts.

Quality of Textbooks

Although most science and mathematics teachers surveyed by Weiss
in 1985 seemed to indicate that poor quality of textbooks was not a seri-
ous problem (Weiss, 1987:40-42), many scientists and educators who have
reviewed the textbooks criticize their quality and their extensive use in
classrooms (Office of Thchnology Assessment, 1988:30-33). The Mathemat-
ical Sciences Education Board (MSEB) of the National Research Council,
as part of an ongoing effort to identify the key elements needed for reform,
has determined that, between the second and eighth grates, there is unly
one year in which more than half the material is new (National Research
Council, 1987b). This suggests that the solution to improving the quality
of student skills in mathematics does not rest solely with providing better
trained teachers, or even with providing more time for the teaching of
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science and mathematics, but rather depends on more fundamental reform
of how the mathematics curriculum is organized. In a decentralized school
system such as we have in the United States, fundamental reform of this
nature is difficult to achieve. Moreover, there are differences of viewpoint
among educators as to the validity of this line of criticism.

Classroom Time Used hr Science and Mathematics

The amount of classroom time devoted to science and mathematics
is another area of dispute, especially at the elementary level. Elementary
school teachers are said to spend relatively little classroom time on science
and mathematics topics. Recent studies have compared the amounts of
classroom time spent by students on different topics; the evidence is mixed.

lb begin with, there appears to be a substantial difference in the
instructional time allocated to reading and mathematics in the early grades
in the United States. One study indicates that about twice as much time
is allocated to reading as to mathematics in the fourth grade (Cawelti
and Adkisson, 1985). Weiss (1987:13) also found substantially more time
devoted to reading than to mathematics, though not twice as much time.
At the grade 4-6 level, teachers in this survey reported spending 63 minutes
per day on reading and 52 minutes on mathematics. At the K-3 level,
however, reading took up 77 minutes and mathematics 43 minutes, a wider
difference in the earlier years of schooling. Forthcoming data from SASS
will provide more recent information on classroom time; the SASS teacher
questionnaire asks elementary school teachers in self-contained classes for
hours per week spent in each of the core subjects, incNding science and
mathematics.

Other studies based on careful observation of actual classroom time
spent on mathematics in three cities (one each in the United States, Japan,
and laiwan) have found very large differences between the students in the
U.S. city and those in the Taiwanese or Japanese city (Stevenson et al.,
1986): U.S. fifth-grade children spent 3.4 hours per week on mathematics,
laiwanese students 11.7 hours per week, and Japanese students 7.8 hours
per week. In grade 1, the differences were similar-2.7 hours for U.S.
children, 4.0 hours for laiwanese children, and 5.8 hours for Japanese
students. In addition, U.S. students were less likely to be attending to
the teachers than either Taiwanese or Japnese children, largely because
individual work is much more common in U.S. classrooms than in Asian
classrooms. However, for eighth grade, another study of classroom hours
(McKnight et al., 1987) reports that U.S. students in grade 8 spend more
time on mathematics instruction than students from Japan or Hong Kong.

Comparability problems limit attempts to draw conclusions from these
studies. lb start with, the studies are of students in different grades. In
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addition, the study by Stevenson and his colleagues contains very accurate
measurement of classroom hours but covers a very small and possibly
unrepresentative sample of schools; the McKnight et al. study is based on a
national probability sample of schools but suffered from a high nonresponse
rate and used officially scheduled hours and similar data to estimate time
spent. Given the known difficulties of getting accurate estimates of time
spent on various activities from very generalized methods (How much time
is scheduled? How much is spent on average?), the panel is inclined to
believe that the data of Stevenson and his colleagues are probably closer to
the truth, and that one source of the ditierence in mathematics achievement
is the gap in time allocated within the classroom.

If students' low skills and test scores in science and mathematics were
known conclusively to be due simply to the relative amounts of time spent
on these subjects, the solution would bz relatively simpleprovided school
systems can be encouraged or induced to change the structure of their
curricula. But if time spent or curriculum structure are the basic problems,
then the issue is not one of teacher or teaching quality, but simply one of
relative emphasis within the curriculum.

It may be true, of course, that many U.S. elementary school teach-
ers are less comfortable teaching science and mathematics than teaching
language arts, and therefore spend less time on science and mathematics.
This may be explained by observing that in the United States elementary
teachers tend not to be subject specialists, whereas the employment of
specialist teachers of mathematics is more common in Japan, China, and
Tafwan in the early grades.

Other Instructional Factors

Other possibly important differences between U.S. and Asian science
and mathematics instruction have been identified in the ongoing studies
being conducted by Stevenson and his colleagues. There are documented
differences in the nature of textbooksAmerican texts explicate mathemat-
ics problems much more extensively and lead the students very carefully
through exercises and problems; Asian texts are much shorter (about half
the length in some of the texts examined) and make much stronger de-
mands on the students to find their own way through the problem. There
are also documented differences between American and Asian teachers
of mathematics in the number of actual teaching hours per day and the
amount of time available for planning and preparation; American teach-
ers have much less nonteaching time scheduled during the day than their
Asian counterparts. And there are documented differences in the degree
to which teachers are autonomous in their own classrooms. In American
classrooms, it is not uncommon that teachers are basically on their own

,1 5 5
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after the first year, while in kilait cl,ssrooms younger teachers are typically
under the tutelage of a senior teacher for a number of years (Stevenson,
1987; Lee et al., 1987; Stevenstut et al., 1988; Stigler et al., 1987; Stevenson
and Bartsch, in press). 'there also appear to be substantial differences in
the training given to U.S. and Japanese mathematics teachers, with U.S.
teachers spending more time learning mathematical content, and Japanese
teachers spending more time learning mathematics pedagogy (teaching of
mathematics) (McKnight et al., 1987:65).

Home Environment

The home environment also has a significant impact on young chil-
dren's learning. The home environment of mlny children in the United
States is not conducive to concentrated thought and learning. The pro-
portion of single-parent households and the proportion of households in
which both spouses work are much higher now than in past decades.
These realities can create problems for children and can have a potentially
seri ,as influence on their skill development. lb understand educational
outcomes requires us to understand the contributing effects of these home
environment factors.

Parental attitudes, as well as demographic differences in home environ-
ments, can also influence children's ambition to concentrate on academic
learning. The best documented evidence of differences in attitudes and
expectations comes from a comparison of American and Asian households.
In general, Asian mothers are less satisfied with the school performance of
their children than American mothers (despite the fact that their children
are generally doing better); they are more likely to attribute success in
school to hard work r2 ther than to native ability; and they are less likely to
be satisfied with the way the schools are performing than their American
counterparts (Lee et al., 1987).

Poor student outcomes are thus not uniquely correlated with inade-
quak quantity or quality of teachers, but could easily be due to factors
that are largely unrelated to teacher quality. One cannot conclude that
poor science and mathematics outcomes on the part of students necessarily
reflect inadequacies in the background or ability of their teachers and to
try to remedy the problem only by enhancing the numbers or the quality of
precollege science and mathematics teachers. Factors such as the structure
of the curriculum, the practices of both K-12 school systems and teachei
training institutions, the amount of time spent on science and mathematics
topics in schools, and the influence of home environments on development
outcomes all need to be understood before we can fully understand the
problem or devise appropriate remedies. iLlis, although the issues raised
in this section are beyond the scope of this stt.kiy, they serve to point up

1 5 6
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the many other factors beyond teaching and teacher quality that bear upon
student outcomes.

SUMMARY

In the near term, it is through quality adjustments that the supply and
demand for precollege mathematics and science teachers reach equilibrium.
The quality of instruction is therefore a central focus of our study. Statistics
that can furnish indications of quality and trends or events that can be
monitored to illuminate quality and changes in quality over time are called
for.

Areas of data concern relating to quality not only focus on teacher
characteristics but also extend to contextual arrangements that affect over-
all teaching quality. These contextual variables include teacher policies and
practices regarding assignments and teacher background, course offerings
and enrollments, recruitment practices, school and school system policies
governing both initial placement and transfers, and inservice training pro-
vided by schools, school systems, states, professional associations, and the
federal government. Also of concern is the distribution of qualified teachers
across districts when classified by enrollment size; by racial/ethnic charac-
teristics of its students; by geographic characteristics of urban, suburban,
rural; and by socioeconomic status.

We have identified some district policies and practices that influence
teaching quality, and note in particular the importance of information on
recruitment practices, seniority rules, potential for teacher advancement,
teacht: assignment and misassignment, and continuing professional devel-
opment, as well as external factors, primarily state mandates and policies,
that affect the quality of the supply pool.

There are numerous ways to measure and assess teacher qualifications
that influence overall teaching quality. Some are objective and can be
counted; some are subjective and not easily quantified. Some are easily
quantified but of little use (such as certification); some would be highly
useful but would require more examination (such as transcripts). Some
indicators are based on existing standards (such as those of the National
Science Thachers Association), and some on proposed standards (such as
those of the Holmes and Carnegie groups). While it is acknowledged that a
thorough knowledge of content is only a necessary and not a sufficient set of
characteristirs for a successful teacher, certain qualifications are necessary.
And data can be collected to indicate the presence and strength of these
qualifications. We do recognize, however, the considerable amount of effort
and resources that would have to be invested in collecting these data, when
such factors as presence of certification, transcript data, and educational
background have not yet been demonstrated to be strongly associated with

i 5 7
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teacher quality or student outcome. Thus, it is important that the National
Science Foundation fund a program of controlled experiments on factors
that do measure teacher or teaching quality. Such research would include
identifying the relationship between measurable teacher qualifications and
student outcomes.

If the Carnegie or Holmes recommendations for higher professional
standards are adopted, the consequent changes in the teaching force should
be monitored, together with any changes in supply as a result of the more
rigorous requirements.

Other factors beyond teacher qualitysuch as textbook use, time
commitments, the structure of science and mathematics curricu!a, home
environmentwere noted as influences on teaching quality and student
outcomes. These factors complicate any attempt: to link outcomes with
particular teacher qualifications.

In conclusion, to understand the crucial role of quality in bringing
supply and demand for precollege science and mathematics teachers into
equilibrium in the short term, we have acknowledged some rather daunting
data needs and research issues. We realize that these needs might not be
able to be met completely enough to introduce teacher quality measures
into teacher supply models in the near future. But successful collection of
more precise data, particularly through SASS and existing state information
files, can be expected to contribute to an understanding of teacher quality,
and additional research may help identify the characteristics of teachers
and teaching that are determinants of stucieut outcomes.

1 5 8



APPENDIX TABLE 6.1 Mathmatics and Science Teacher Certification Requirements for Secondary School Teachers, by State,
June 1987

Course Credits by Certification Field

Teaching
Methods:
Science/
Mathematics

Supervise

Teaching
Experience

Mathe-
matics

Science,
Broad
field

Biology,

Chem-
istry.
Physics

Earth
.%.:ence

General
Science

Alabama 27 62 27 27 27 Yes 9
4=.
-.) Alaska None None None None None No None

Arizona 30 30 30 30 30 Yes 8
Arkansas 21 24 24 24 No 12 wks
California

Colorado

45

b b

45

b b

-

b

No

Yes

a

400 hrs
Connecticut 18 18 18 21 No 6
Delaware 30 39-45 39 36 Yes 6
District of

Columbia 27 SO 30 30 30 Yes 1 sem
Florida 21 20 20 20 Yes(S) 6

Georgia 60 qtr 45 qtr 40 qtr 40 qtr Yes(M) 15 qtr
Guam 18 18 - - No p:one



APPENDIX TABLE 5.1 Mathematics and Science Teacher Certification Requirements for Secondary School Teachers,by
State, June 1987 - continued

Course Credits by Certification Field

Science,

Biology, Teaching
Chem- Methods: Supervise

Mathe- Broad istry, Earth General Science/ Teaching
matics field Physics Science Science Mathematics Experience

b b b b b bHawaii

i...., Idaho
.e.
Oo Illinois

Indiana
Iowa

Kansas
Kentucky
Louisiana

Maine
Maryland
Massachusetts
Michigan
Minnesota

Mississippi

20 45 20 20
24 32 24 24

36 - 36 36
24 24 24 24
b b b b

30 48 30 30
20 20 20

18 18 -
24 36 24 24
36 36 36 36
30 36 30 30
c c c c

24 32 32

No 6
Yes 5

36 Yes 9 wks
24 Yes Yes
b b b

- No 9-12
32 No 9

Yes 6

36 Yes 6
36 Yes 300 hrs

No 6
c c 1 qtr

32 Yes(S) 6
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Miuouri .. 30 20 20 20 Yes 3
Montana 30 qtr 80 qtr 30 qtr 30 qtr 30 qtr Yes 10 wks
Nebraska 30 45 24 24 - Yes 320 hrs
Nevada 16 36 16 16 16 No 8

b b b b b b bXew Hampshire
New Jersey 30 30 30 30 30 No c

New Mexico 24 24 24 24 24 Yes 6
New York 24 36 36 36 No Yes
North

c c S c cCarolina Yes 6

North Dakota c c c c c Yes 8
Ohio 30 60 30 30 30 Yes a

I.44 Oklahoma 40 40 40 40 40 No 12 wks0
Oregon 21 45 46 45 45 Yes(M) 15 qtr

b b b b b b bPennsylvania

Puerto Rico 30 30 30 30 Yes 3(S)5(M)
Rhode Island 30 30 30 30 Yes 6
South Carolina 24 30 12 - 18 Yes(M) 6
South Dakota 18 21 12 12 18 No 6
Tennessee 36 qtr 48 qtr 24 qtr 24 qtr 24 qtr Yes 4

Texas 24 48 24 24 - No 6
Utah c a c c c Yea 12
Vermont 18 18 18 18 18 Yes None
Virginia 27 - 24 24 30 No 6
Virgin Islands 24 NA. NA. NA NA No Yes
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APPENDIX TABLE 5.1 Mathematics and Science Teacher Certification Requirements for Secondary School Teachers, by
State, Juue 1987 - continued

Course Credits by Certification Field

TeachingBiology,

Mathe-
matica

Science,
Broad
field

Chem-
istry,
Physics

Earth
Science

General
Science

Methods:
Science/
Mathematics

Supervise
Teaching
Experience

Washington 24 51 24 24 - No 15

0- West Virginia c S c S S c c
(A
c=> Wisconsin 34 54 34 34 34 Yes 5

Wyoming 24 30 12 12 12 No 1 course

Key: Course credits = semester credit hours, unless otherwise specified; qtr = quarter credit hours; M = mathematics only;
S = science only; NA = not available; blank space = no certification offered.
a 1 semester full time or 2 semesters half time--California; supervised teaching experience and 300 hours clinical/field-
based experience--Ohio.
1)- Certification requirements determined by degree-granting institution or approved competency-based program.
S Major or minor--North Dakota, Utah; 20 to 40 percent of program--Minnesota and North Carolina; courses matched with
job requirements--West Virginia.

Source: Office of Technology Assessment (1988:59).
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APPENDIX TABLE 5.2 Guidelines for Mathematics and Science Teacher
Qualifications Specified by the National Council of Teachers of
Mathematics (NCTM) and the National Science Teachers Association (NSTA)

151

NCTM Guidelines NSTA Standards

Early elementary school

The following 3, each of which
presumes a prerequisite of 2
years of high school algebra
and 1 year of geometry:

1. number systems
2. informal geometry
S. mathematics teaching

methods

Upper elementary and
middle school

The following 4 courses, each
of which presumes a
prerequisite of 2 years of
high school algebra and 1 year
of geometry:

1. number systems
2. informal geometry
3. topics in mathematics

(including real number
systems, probability and
statistics, coordinate
geometry, and number
theory)

4. mathematics methods

Junior high school

The following 7 courses,
each with a prerequisite of
3 to 4 years of high school
mathematics, beginning with
algebra and including
trigonometry:,

1. calculus
2. geometry
3. computer science
4. abstract algebra
5. mathematics applications
6. probability and statistics
7. mathematics methods

El, .,ientary level

1. Minimum 12 semester hours in laboratory-
or field-oriented science including courses
in biological, physical, and earth sciences.
These courses should provide science content
that is applicable to elementary classrooms.

2. Minimum of 1 course in elementary science
methods (approximately 3 semester hours) to
be taken after completion of content courses.

3. Field experience in teaching science to
elementary students.

Middle/junior high school level

i. Minimum 36 semester hours of science
instruction with at least 9 hours in each
of biological or earth science, physical
science, and earth/space science.
Remaining 9 hours should be science
electives.

2. Minimum of 9 semester hours in support
areas of mathematics and computer science.

3. A science methods course designed for the
middk school level.

4. Observation and field experience with
early adolescent science classes.

Secondary level

General standards for all science
specialization areas:

1. Minimum 50 semester hours of course
work in 1 or more sciences, plus
study in related fields of mathematics,
statistics, and computer applications,

2. Three- to 5-r..-nester-hour course in
science meth nd curriculum.

3. Field experiences in secondary science
classrooms at more than 1 grade
level or more than 1 science area.
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(Appendix Table 5.2, continued)

NCTM Guidelines NSTA Standards

Senior high school

The following 13 courses,
which constitute an under-
graduate major in mathematics,
each presume a prerequisite of
3 to 4 years of high school
mathematics, beginning with
algebra and including
trigomometry:
1-3. 3 semesters of calculus
4. computer science
5-6. linear and abstract

algebra
7. geometry
8. probability and statistics
9-12. 1 course each in:

mathematics methods,
mathematics applications,
selected topics, and the 5.
history of mathematics

13. at least 1 additional
mathematics elective
course Specialized
standards

Specialized standards

1.

2.

3.

4.

6.

Biology: minimum 32 semester hours
of bioiogy plus 16 semester hours
in other sciences.
Chemistry: minimum 32 semester hours
of chemistry plus 16 semester hours
in other sciences.
Earth/space science: minimum 32
semester hours of earth/space science,
specializing in one area (astronomy,
geology, meteorology, or oceanography),
plus 16 semester hours in other sciences.
General science: 8 semester hours each
in biology, chemistry, physics, earth/
space science, and applications of
science in society. Twelve holm
in any 1 area, plus mathematics to
at least the precalculus level.
Physical science: 24 semester hours in
chemistry, physics, and applications
to society, plus 24 semester hours
in earth/space science; also an
introductory biology course.
Physics: 32 semester hours in
physics, plus 16 in other sciences.

Source: Office of Technology Assessment (1988:64).
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APPENDIX TABLE 5.3 States That Have Enacted Testing Programs for Initially
Certifying Teachers: Fall 1987

State Enacted Effective Test Used2

Alabama 1980 1981 State
Arizona 1980 1980 State
Arkansas 1979 1983 NTE
Califork .1 1981 1982 CBEST
Colorado 1981 1983 CAT

Connecticut 1982 1985 State
Delaware 1982 1983 PPST
Florida 1978 1980 State
Georgia 1975 1980 State
Hawaii 1986 1986 NTE

Idaho 1987 1988 NTE
Illinois 1985 1988 State
Indiana 1984 1985 NTE
Kansas 1984 1986 NTE am-2 rPST
Kentucky 1984 1985 NTE

Louisiana 1977 1978 NTE
Maine 1984 1988 NTE
Maryland 1986 1986 NTE
Massachusetts 1985 b b
Michigan 1986 1991 b

Minnesota 1986 1988 PPST
Mississippi 1975 1977 NTE
Missouri 1985 1988 b
Montana 1985 1986 NTE
Nebraska 1984 1989 b

Nevada 1984 1989 PPST and State
New Hampshire 1984 1985 PPST and NTE
New Jersey 1984 1985 NTE
New Mexico 1981 1983 NTE
New York 1980 1984 NTE

North Carolina 1964 1964 NTE
North Dakota 1186 b b
Ohio 1986 1987 NTE
Oklahoma 1980 1982 State
Oregon 1984 :985 CBEST

Pennsylvania 1985 1987 State
Rhode Island 1985 186 NTE
South Carolina 1979 1982 NTE and State
South Dakota 1985 1986 NTE
Tennessee 1980 1981 NTE
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APPENDIX TABLE 5.3 Continued

State Enacted Effective Test Used1

Texas 1981 1986 State
Virginia 1979 1980 NTE
Washington 1984 b b
West Virginia 1982 1985 State
Wisconsin 1986 1990 b

1 Tests:
CAT = California Achievement Test;
CBEST = California Basic Skills Test;
NTE = National Teacher Examination;
PPST = Pre-Professional Skills Test;

, State = State-developed test.
= To be determined.
Source: National Center for Education Statistics (1988f:249-250).
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APPENDIX TABLE 5.4 Comparison of Recommendations of Carnegie and Holmes
R.eports Pertaining to Preservice Education of Teachers

Category of
Recommenda-
tion Carnegie Report bHolmes Group

Fifth Year of
Study

Curriculum
Revision

Require bachelors degree in
the arts and sciences as
prerequisite of professional
study of teaching. Require
a master's degree for all
teachers.

Develop new professional
curriculu... in graduate
schools of education leading
to Master in Teaching degree
based on systematk
knowledge of teaching and
including internships and
residencies in schools.

Coordination Connect institutions of
high,...r education with
schools through the
development of professional
development schools.

Certification Create a national board for
professional teaching
standards to establish high
standards for what teachers
need to know and to be able
to do, and to certify
teachers who meet that
standard.

Make education of teachers more
solid intellectually by pursuing an
undergraduate major in an academic
subject other than education,
receive their professional training
in a fifth year master's degree
program, and complete a year-long
supervised internship.

Revise undergraduate curriculum
in arts and sciences. Organize
academic course requirements,
including involvement of other
departments in institutions of
higher education. Need advanced
studies inpedagogy (focus on
human cognition, teaching and
learning, and teaching), teachers'
learning, assessment of
professional performance, and
evaluation of instruction.

Need coherent program in schools
and institutions of higher educa-
tion that will support advanced
study. Create professional
development schools, similar to
teaching hospitals, in which
prospective teachers would receive
their clinical training.

Create 3-tier systems of teacher
licensing:
o Instructor--has BA degree,

without year of supervised
practice and study in
pedagogy and human learning;
has passed exams (see
evaluation)

o Professional teacher--has MA
in teaching; completed year
of supervised practice;
passed exams

o Career professional--has
completed all of the above
plus further specialised study

1 6-7
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APPENDIX TABLE 5.4, continued

Category of
Recommenda-
tion Carnegie Report a bHolmes Group

Evaluation/
Assessment

Differential
Staffing

Restructure teaching force
and introduce new category
of lead teachers with proven
ability to provide active
leadership in redesign of
schools and in helping
colleagues to uphold high
standards of learning and
teaching.

Use multiple evaluations
o Test basic mastery of writing

and speaking
o Demonstrate mastery of

subject, skill in lesson
planning, and instructional
delivery prior to clinical
internship

o Evaluate varie' y of teaching
styles during internship--
including own--and present
analytic evidence as part of
professional portfolio for
advancement

Recognise differences in teacher's
knowledge, skill, and commitment
in their education, certification,
and work.

2 Carnegie Task Force on Teaching as a Profession (1986) A Nation Prepared.
Teachers for the 21st Century. Washington, D C Carnegie Forum on Education
and the Economy. Pp. 55-56.

12 The Holmes Group (1986) Tomorrow's Teachers: A Report of the Holmes
Group. East Lansing: The Holmes Group, Inc. Pp. 65-66.

Source, Regional Laboratory for Educational Improvement of the Northeast and
Islands (1987:15-17).
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6
Data Needs and Research Opportunities

The previous chapters display some of the conceptual richness that
meaningful descriptions of supply and demand for precollege science and
mathematics teachers would entaii. Some of these discussions are based
on quite detailed data from a single state or sample survey. Such rich
descriptions cannot be realized at a national level, however, in the absence
of comprehensive national data (or an aggregation of state data) that would
give them substance.

As we have noted in earlier chapters, classrooms are rarely unstaffed.
What usually is aajusted in times of shortage or surplus is the quality of
staff. Moreover, there is a reservoir of individuals who are certified to teach,
as well as individuals who would like to teach but are not certified, that
is far larger than the counts generated by enumeration of those currently
teaching and the numbers of new graduates of teacher training programs.

Some analysts believe that in the next decade the demand for science
and mathematics teachers will increase as a result of growing enrollment
demand and teacher retirements. 'lb understand how the supply and quality
of science and mathematics teachers will respond to changes in demand,
data are needed to support the construction of measures of demand, of
potential supply, of quality to the extent possible, and of models of the
responsiveness of supply to incentives and to changes in demand.

It is the panel's view that current national data collection efforts and
knowledge of the relation between incentives and supply are inadequate to
support rich structural modeling of teacher demand and supply. Thus, we
propose a sequential approach:
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First, as efforts are made to improve the consistency, scope, and
quantity of data, publish indicators from existing data that are
considered relevant to teacher supply and demand.
Second, carry out the research needed to support behavioral mod-
els.
Third, as data bases are improved and research findings on the
relation between incentive and supply become available, devote
resources to structural modeling that goes beyond straightforward
extrapolative projection.

In this chapter, the panel's recommendations for data to monitor the
state of demand, supply, and quality of precollege science and mathe-
matics teachers are set out, followed by a discussion of research issues
and a recommendation for a series of conferences that could assist in
understanding the processes that result in the observed data. Some of
the data recommendations could be easily implemented by modification of
existing survey questionnaires. Others would require new data collection
approaches. Similarly, some of the research issues can be studied with
existing data or data soon to be available from SASS, whereas other issues
can only be investigated by development of new data bases.

This chapter proceeds with sections on data recommendations (most
of them for NCES), research issues (primarily for NSF), research facil-
itation suggestions, and finally a major recommendation for a series of
conferences bringing together NCES and officials of school districts and
state education agencies to discuss teacher supply, demand, and quality
concerns. It is difficult to assign priorities across such disparate topics.
However, within each section where we have listed specific recommenda-
tions we have marked those of highest priority with an asterisk. In addition,
in most of the sections, the specific recommendations are listed in older of
priority. Finally, at the conclusion of the Summary we offer guidelines for
timing the implementation of the high-priority recommendations.

DATA RECOMMENDATIONS

We present a wide range of data recommendations related to dfmtand,
supply, and quality. Better data in the short run on elements of the sup-
ply/demand situation, including the sensitNity of teachers' career decisions
to the many factors that may influence these decisions, will in turn con-
tribute to the kinds of behavioral models that should he effective in the
fu'ure. At the outset, we urge NCES to support SASS with a reliable,
ongoing base of funding.
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Funding for Data Collection

In the near term it is of key importance to monitor the stat, ct demand,
supply, and quality of precollege science and mathematics teachers. We
note that the National Center for Education Statistics recognized the need
for a major effort of data collection concerning teachers and contracted
with the RAND Corporation in 1985 to design the Schools and Staffing
Survey (SASS). A pilot test of that survey was conducted in 1986-87, and
the first full-scale survey was conducted in 1987-88. SASS data are expected
to be available in 1990 (publication has been delayed because of recent
legislation pertaining to the confidentiality of data collected by NCES).
Although new surveys always have unexpected problems, we anticipate that
much of the needed data will be available and we have so identified data
needs that SASS was designed to fill. 'lb monitor the supply and demand
of science and mathematics teachers effectively, SASS should be repeated
periodically, at least every four years, and adequate funds for analysis
should be made available to permit full exploitation ot this valuable data
resource.

*The panel recommends that provision be made in the budget for the
National Center for Education Statistics to conduct the Schools and Staffmg
Survey on a regular cycle and that the budget include funds for follow-up
surveys of teachers who leave teaching and for in-house and external analysis
of the survey data.

Data Related to Demand

In general, the panel finds demand data to be relatively adequate. The
task of projecting enrollment-driven demand for science and mathematics
teachers is relatively straightforward. The U.S. Bureau of the Census col-
lects data on births and their geographic distribution. The children born
each year move through precollege schooling in a very predictable way and
are augmented primarily through immigration. The data most needed for
projecting demand for teachers are current attrition data, particularly data
on attrition for reasons other than retirement. Forecasting demand for sci-
ence and math teachers, rather than teachers generally, could be improved
if better data on course-taking behavior in high school were available.
This behavior results both from state-mandated course requirements and
from student course preferences. The panel recommends the collection of
additional data, disaggregated by subject, of the following types, in o, der of
priority:

*1. Data on attritionlretention rates of nonretirees by discipline. Detailed
discussion of these data on attrition/retention is found below under data
related to supply. Although knowledge and ability to forecast retirements
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is fairly adequate, data on attrition earlier in the teaching career would
improve projections of demand.

2. Data on state-mandated high school course requirements in sci-
ence and mathematics. Increased requirements for mathematics or science
courses can lead to greater demand for teachers of both advanced and
remedial courses. The Education Commission of the States (ECS) pub-
lishes aata on changes in state requirements periodically, although at a
very general level, i.e., the number of science and mathematics courses re-
quired. State data are only a beginning. NCES has found that high school
graduation requirements as mandated by states are often exceeded by the
requirements already in place in individual districts. Therefore, relying
solely on changes in state requirements to determine demand for teachers
will probably overestimate increased demand.

3. Data on course offerings and changes in offerings over time. Changes
in course offerings can change the demand for science and mathematics
teachers and, in particular, can indicate the need for teachers with special
qualifications, such as the ability to teach advanced placement chemistry.

4. Data on changes in enrollments (in general and for particular science
and mathematics courses). Such enrollment data should be disaggregated by
sex and racelethnicity. Although SASS data from LEAs will provide changes
in the number of secondary science teachers by science subject and changes
in the number of mathematics teachers and computer-science teachers,
the SASS local education agency form does not track student enrollments
in a parallel fashion. The SASS teacher questionnaire could be used to
obtain enrollment data by race/ethnicity and sex for particular science and
ma.hematics courses by expanding the question that asks teachers sampled
for the names of the courses they teach and the number of students in each
course.

It is important that new data collections related to demand be dis-
aggregated by subject to be useful in setting policy to produce a corps of
teachers with the right mix of skills to meet the demands of future years.

Data Related to Supply

The number of teachers employed in schools nationwide is augmented
each ycar by new graduates from teacher training programs, newly certified
teachers who enter teaching from other pathways (collaborative relation-
ships with industry, for example), and entrants from the reserve pool of
previously certified teachers who have never taught or former teachers who
have chosen to reenter the profession. The number of teachers employed is
diminished by attrition due to retirement and other causes. Thus monitor-
ing supply requires keeping track of changes in the supply pool generally.
In particular, it requires data over time on certification, on attrition and
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retention rates, and on new hiring and the levels of key incentives that at-
tract people to the teaching profession. Monitoring supply calls, as well, for
data that describe the competitiveness of teacher salaries relative to oppor-
tunity cost salaries, amount of reciprocity in certification across states, and
portability of teacher pensions. Our highest-priority data recommendations
for the short run call for better data on attrition, on the hiring rate for
newly certified teachers, on the supply potential of segments of the reserve
pool, and on incentives that influence individuals' decisions to enter or
leave teaching. The panel recommends obtaining better data or making fuller
use of existing data on the following aspects of supply, which are presented in
"pipeline" order:

1. College studena planning to teach
Pend data on the career interests expressed by college freshmen.

Indicators of future teacher supply include student aspirations to become
teachers. The proportion of freshmen aspiring to teach appears to be up
now for the first time in many years. Data from The American Freshman
(described in Appendix B) should be analyzed by subject major, sex, and
ethnicity. Follow-ups of students after two years and four years that are
conducted occasionally also should be analyzed. However, it should be
kept in mind that the number of freshmen who say they want to teach may
be only loosely related to the number among them who actually obtain
certificates.

Data on science, mathematics, and education majors to be related,
if possible, to num!. 2 of actual cernficants. How many, by major, who
planned/did not plan to teach entered/did not enter the certification stage?
The High School and Beyond and Recent College Graduates surveys pre-
vide these data.

2. Certification
Information on state certification policies andpractices. NCES should

continue to collect and disseminate this information.
Data from states on education school and certification program en-

rollmeits by subject specialty, sex, and race/ethnic group. NCES should
collect and disseminate these indicators of what is in the pipelinepotential
additions to teacher supply in the next one or two years.

National data on the number of new cenificants by type (traditional,
emergency, or alternative program) and by subject annually compiled from
state certification board data. Different states have different certification
practices and categories. It should be possible for NCES to get com-
parable totals, however, for aggregated categories (mathematics, science,
almentary, secondary, for example) and to present disaggregated data
when available. Since teachers may b certified in more than one category,
these data will not be perfectly matched with the increase in the supply of
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newly qualified teachers. Rather, these data provide an upper bound on
the change in newly qualified supply.

Information on the degree of reciprccity in certification across states.
These data help to indicate the extent to which shortages in one part of
the country could be filled by additional teachers from elsewhere. The
Nat!onal Association of State Directors of Teacher Education and Certifi-
cation (NASDTEC) publishes s_ates' reciprocity provisions pesiodically in
its Manual on Certification. It would be useful to include this info:illation
in NCES's Digest of Education Statistics. The effect of reciprociti on the
mobility of the reserve pool is an issue for research.

Data collected at the state or local level on the extent to which teacher z
are employed who held .emporary, provisional, or emergency certificates. Tne
SASS teacher questionnaire will collect this information. The data should
be analyzed by subject, by region, or by type of area (e.g., rural, suburban,
urban, or central city). These data may indicate exhaustion of the reserve
pool or a shortage in a particular subject or in a particular geographic area.
SASS also asks districts for the number of full-time equivalent positions,
by subject, that remained vacant or were filled by a substitute or withdrawn
for lack of a suitable candidate. SASS collects the total for these three
categories but does not provide disaggregated data. Information on the
reasons for employing teachers with these categories of certificates could
be obtained through in-depth discussions with school district officials on a
regular basis, as the panel recommends at the end of this chapter.

Data on the use uf alternative programs for earning certification to
teach. In response to perceived shortages in the quantity or quality of
teachers in general, or in some cases of teachers of particular subjects, a
growing number of initiatives providing alternative or nontraditional routes
to certification have recently been created. The extent to which science
and mathematics teachers obtained their certification through an alternative
program and the distribution of such teachers geographically and among
urban, suburban, ar,.: rural schools should be monitored closely, through a
question that can readily be added to SASS.

Follow-up data on new certificants to ascertain the numbers and pro-
portions of new certifizants who did not immediately take teaching positions.
Such data would probe for reasons behind th,;ir decisions, alternative ac-
tivities chosen, and salaries, if possible. The Survey of Recent College
Graduates is one possible source of data, as is its successor, the Baccalau-
reate and Beyond Longitudinal Study, which is expected to provide data in

the future.
3. New hires and incentives to teach
*. Comparative salary data to indicate competitiveness of teachers'

salaries relative to those of alternative nonteaching positions. tkIthough

there is a question of just how this comparison should be made, one simple
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measure would be starting salaries il industry for people with equivalent
education (e.g., a B.S. in mathematic4 The College Placement Council
(1988) publishes these data annually.

** Data on reasons why teachers selected their current schoolldistrict
and alternative offers they had. Such data (not currently collected by the
SASS teacher surveys or the NLS teaching supplement) would help identify
actions that schools or districts might take toattract well-qualified teachers.
(Note that, if there is a national shortage, it is not clear that such actions
would increase the national supply of teachers rather than the attractiveness
of a particular school/district)

*4, The number of last year's cerdficants, by type of certificate, who were
hired (or received a firm job offer) by school district and the proportion of
those who applied for positions and were hired. These da,a, which can be
collected from college placement offices, provide an indicator of the extent
to which school districts draw from the pool of newly certified teachers,
rather than teachers from the reserve pool. Inclusion of raciallethnic data
would help monitor the progress of minorities through the pipeline.

Rend data obtained from districts on the ratio of the number of
applicants to vacancies in teaching by field, and on the ratio of job offers per
hire, by field. Questions on the number of applicants and the number of
job offers per vacancy could be added to the SASS survey. Although an
applicant may apply for more than one vacancy, a decline in this indicator
(assuming no change in recruitment practices) would point to increasing
shortages of applicants in a particular field. Similarly, an increase in the
number of job offers per vacancy could indicate a shortage or the need to
make the positions more attractive.

Data from school districts (building on SASS) on the extent to which
districts are shifting from screening applicants to recruiting disaggregated by
subject and by racelethnic group. When teachers are in surplus, districts
recruit near home (if at all) and passively accept applications that are
then screened. As shortages arise, districts recruit more vigorously. Thus,
if it were possible to count the number of districts engaging in active
recruiting /ithout significant measurement error, it would be an indicator
of shortage, and growth in such an indicator over time would indicate
increasing shortage. Current SASS school district questionnaires ask about
screening generally, but not by subject, nor do they ask about recruiting.
Because of the difficulty of quantifying recruiting, this topic should be
explored more thoroughly by in-depth discussions with a sample of school
districts.

Recruitment data from personnel directors of school systems and from
college and university placenient directors that identify fields ofshortage as they
perceive them. Such uata could highlight teaching fields for which normal
supply is not adequate. Expansion of recruitment areas and changes in
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practices such as early offers or bonuses might indicate the severity of the
prospective shortage. Widespread reporting by many personnel officers and
many placement officers of the need for teachers in a field might indicate
a potential area of shortage. However, such a need would have to persist
for several years before being classified as a shortage. Recruitment data
should be collected by the geographic area covered, by subject, and by the
race/ethnicity of recruits.

4. The reserve pool
Because the reserve pool is such a major source of new hires, it is

important to know not only how large it is, but the content and size of its
various components, its size in different states or regions of a state, and
whether it is nearly exhausted in the area of the relevant labor market.
From the panel's viewpoint, all the approaches under this topic are high
priority because so much hiring is from the reserve pool. Knowing the char-
acteristics of the types of people in the reserve pool is important, for some
individuals would not reenter teaching under any conditions. Different
components of the reserve pool can be expected to behave differently.

A variety of approaches could be taken to measure the supply potential
of segments of the reserve pool:

* Follow new college graduates over time to determine the proportion
that enter teaching by the number of years after graduation, reasons for
leaving teaching, time spent out of teaching, and reentry into teaching.
Data from the longitudinal studies High School and Beyond and NELS:88
provide opportunities for studying the reserve pool from this perspective.
Data on teaching status one year after graduation are available from the
Recent C-Jlege Graduates (RCG) surveys carried out periodically with a
sample of recent graduates, most of whom prepared for teaching. A promis-
ing future data source will be the Baccalaureate and Beyond Longitudinal
Study, which is scheduled to replace the RCG in 1994.

*. New hires from the reserve pool can be tracked backward to study
their career histories prior to entering or reentering teaching. The SASS
teacher survey instrument will provide data on age of entry or reentry, time
spent away from teaching, what new hires were doing before they took
teaching positions, and subject areas taught. Components of the reserve
pool that can be covered in this way include both reentrants and people
who were certified but had not taught. Monitored over time, these data
will begin to shed light on the extent to which the reserve pool is adequate
or exhausted for certain subject areas or geographic areas.

*. Rack persons certified by a given state who are not currently teaching
in that state. Such persons constitute an important component of the re-
serve pool at the state level. Using data from state certification files, some
states can track certificants who still live in the state and can characterize

1 7 6
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that segment of the reserve pool by age, subject specialty, and years
of past teaching experience. A survey could determine their interest in
teaching or incentives that would encourage them to teach. Studies of
teacher supply and demand in Massachusetts (Massachusetts Institute for
Social and Economic Research, 1987) and Connecticut (Connecticut State
Department of Education, 1985b) illustrate the use of certification data to
estimate the size of this component of the reserve pool.

5. Attrition rates and incentives to leave teaching
*. School data on attrition rates. Data from schools on the distribution

of teachers by age, race/ethnicity, sex, and disciplinary area, as well as
attrition levels within these categories. Attrition should be classified by
retirement or other cause.

The best prospect for obtaining some of these data is probably SASS,
which included an attrition-by-field question in the base year survey; the
data, however, are of poor quality. The panel urges NCES to simplify the
SASS matrix questions on attrition to improve response and to collect these
data on a continuing basis. The school questionnaire should be able to
separate attrition due to moving to another school or district from leaving
the teaching profession completely and reducing the national supply of
teachers.

*. Incentives to leave teaching. Overall changes in supply are affected
by factors that make teaching more or less attractive compared with other
occupations. The periodic SASS follow-up surveys of former teachers
should provide data on the reasons for attrition on a national scale and
increase understanding of the behavioral components of teacher attrition
and mobility. SASS should also collect information on salary scales, which
could be analyze' ,fl conjunction with salaries in other occupations to learn
more about the competitiveness of teachers' salaries to opportunity cost
salaries.

Information from schools on separation rates of teachers by field
of study. These data, which are being collected by SASS, are needed to
understand the effect of separations on the teaching force for different
fields of study.

Information from states on teacher retirement policies. Such data
would be helpful for use in research on the relation among attrition rates,
portability of teacher pensions, and retirement policies. (SASS asks districts
about the minimum age, years of service, and penalty for early -ntrnt
associated with their retirement plans.) However, knowing .;,...z retire-
ment policies does not answer the question fully, ,nce teachers are often
covered by various combinations of state, district, and union retirement
plans.
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Data Related to Quality

The notion of "enough" science and mathematics teachers must be
understood in qualitative terms. Therefore, it is imperative to gather data
that indicate aspects of quality. Little information exists that helps to
define or measure quality at present. Although we do not know what
constitutes good teaching, one of the issues is to find out what goes into
good teaching. We attempted in Chapter 5 to sort out major ingredients of
teacher and teaching quality that call for further data. Better measurement
of these ingredients may help identify measures of quality. One group of
such components includes school system hiring policies and practices and
school-level conditions that can affect ylality. A second group of aspects
involves the qualifications of newly hired teachers. To provide indicators
of aspects of the quality of teachers and their work environments, the panel
recommends that the data listed below be collected and monitored over time.

1. School system factors that affect quality. It is critical to build a
foundation of data about school and district practices that have effects on
quality. The panel recommends obtaining the following data, in order of
priority:

4'. Hiring practices, including timing of offers, and constraints such as
internal transfer rules. SASS does not provide data related to these areas;
informathn may be better obtained through in-depth discussions with a
sample of districts (as recommended at the end of this chapter).

* Data describing inservice education, laboratory materials, and collegial
and administrative support for teachers in place. School principals and school
district officials are probably the best source. The one-time administrative
and teacher survey of the High School and Beyond Survey condue*.ed in
1984 was designed to provide such data at the national level. SASS and the
NSF surveys of science and mathematics education could be the vehicles
for data collection, with important design input from in-depth conferences
with districts. The presence of support systems allows teachers to be better
teachers and can attract new entrants to the profession; however, the! are
costly. There may be a trade-off between increasing salary and increasing
nonsalary support, for example.

* School practices related to time use, class size, teaching load, level of
autonomy, opportunities for collaboration and decision making salaty, and
other monetary incentives. Information on such school practices may be
relatively easy to obtain from teachers or principals through existing survey
programs, particularly the SASS school administrator and teacher question-
naires. Other sources include the teacher questionnaires for NAEP science
and mathematics assessments, NELS:88, the High School and Beyond ad-
ministrative and teacher survey, and the SASS follow-up survey of teachers
who remain in teaching.
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* Teacher assignment or misassignme it, by subject, including incidence
of out-of-field teaching and use of tenc)ort:q or emergency certification. (These
data were previously recommended to understand supply.) This informa-
tion, available from the SASS teacher ,1 estionnaire, together with the
suriey's information on filling difficult vaLsAncies, state certification data,
and in-depth discussions with school districts as recommended presently,
can be used to measure the prevalence of these types of assignments.

Identification by school districts of the m7jor. criteria used in reacher
se,e,..tion, by svbject, and the weight given to each criterion. In r<ponse to a
surplus, districts miy change the weighting of their criteria, putting more
emphasis on formal Lredenuals and depth of course background, in order
to make screening easier. However, this kind of information i likely to be
difficult to obtain; it may vary greatly depending on the subject or students
to be taught. Data CJ1lection shouL be initiated as a research activity rather
than by initiating a statistical time series. SASS as-N:s a genera: question on
the usa cf certain baseline criteria, but collects no data as iecommended
here.

2. Qualifications of teachers. There are a number of v ays to meas are
and assess teacher qualifi_ ns. Some are objective and can ba counted;
some are subjective and not easily quantified. Some are easily quantified but
useful only as a baseline for minimum qualification (such as certification),
some require more examination but would also be more informative (such
as transcripts). Some indicators can be based on existing standards (such
as those of the NSTA), and some on proposed standards (such as those of
the Holmes group).

While the recommendations presented here are clearly difficult to
implement, a beginning must be made. Data should be collected to in-
dicate the presence and strength of teacher qualifications so that more
sophisticated studies to measure the effect of teachers' knowledge can be
carried out. Thus, the following kinds of data are recommended in order
of priority.

*. Certification data as an indication of a minimum or baseline level
of qualifications. We note that NCES has implemented the following
recommendation from the panel's interim report and urge them to continue
this practice:

"We recommend that the Center for Education Statistics surveys of
teache-s regularly include measures of certification (type and sub-
ject fields) and that the Center obtain and disseminate available
information on sta,e certification policies and practices."

However, certification data should be distinguished not only by type
of certification, as the SASS teacher questionnaire now does, but also
by whether certification was earned through an alternative certification
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program. This data recommendation pertains to the supply as well as the
quality aspect of precollege science and mathematics teaching.

4'. Individual transcript data on general intellectual ability and on courses
taken in preparation for science or mathematics teaching would provide the
moGt complete data on teachers' formal qualifications. The panel recognizes
the ',ost and burdens of transcript studies, but considers that such studies
for samples of teachers would be valuable at the national level and to
individual states. For example, transcripts could be used to study trends in
educational backgrounds of new teachers or to compare new teachers and
continuing teachers.

*. Rends in guidelines for prospective teachers in terms of content or
course work recommended by science aid mathematics professional associa-
tions and the extent to which guidelines are used.

Rend data on course requirements for teachers by subject specialty
for certification, by level of certificate (as compared with the requirements
recommended by boards and professional grcups).

Course requirements for certification indicate the minimum back-
ground a teacher must possess, unless the teacher is teaching out of field.
lb the extent that the actual background of a teacher exceeds that level,
quality can be said to be higher. However, course background may be only
tenuously related to the effectiveness of a teacher; this is a research area
noted below NASDTEC publishes data periodically on course require-
ments and tests required for certification in each state.

If the Carnegie or Holmes recommendations of subject matter degree
wet-0 adopted, their implementation should be monitored, together with any
changes in the supply or quality of the teaching force as a result of more
rigorous requirements.

General Data Recommendations

In addition to the specific data recommendations above, certain gen-
eral practices should be followed. T.,e panel recommends gathering and
maintaining data, at regular intervals, to indicate trends in demand, supply,
and quality, and to use in research. During the period of this study, im-
portant initiatives were undertaken by NCES to establish new surveys that
better describe teacher supply and demand in the United States. Standing
out among these efforts are the Schools and Staffing Survey (SASS), the
longitudinal study of college graduates that i.s scheduled to A-eplace the
Recent College Graduates (RCG) survey, and the National Educational
Longitudinal Study (NELS:88). (These surveys and other ongoing data sets
are described in Appendix B.) The new surveys hold paracular promise for
identifying a number of key aspects of demand and supply, and ::ley Gitould
be carefully maintained and built upon accordingly.
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TI e panel recommends adoption of the following general guidelines for
any dcta collection effort relevant to teacher supp4P, demand, or quality.

*1. Emphasize the repeated collection of data over time, in contrast o
a one-time effort, in order to permit measurement of changes in supply and
demand over time. Data collection activities now being established, such
as SASS and NELS-88, need to be repeated at regular intervals. It is the
change in the characteristics of the teachers who apply to or are hired by
a school district that reflects changes in supply and demand. If a district is
able to hire teachers with a master's degree in mathematics, for example,
when in the past i was only able to hire teachers with a bachelor's degree,
this indicates an improvement in the supply of teachers to the district,
whereas reporting the percentage of teachers who hold master's degrees
in mathematics does not indicate much by itself. A simple description of
the characteristics of new teachers is insufficient, since those characteristics
arise from a dynamic process.

*2. Disseminate collected data into the public domain in a timelymanner
and in an easily accessible format. The easier it is to access data and the
more opportunity researchers have to analyze data, the more likely is the
discovery of timely policies that may have a positive effect on any supply
and demand situation.

Ease of access means not only the announcement that data a. avail-
able, but also good docuntentation for the data, and the creation ot data
dictionaries and computer interfaces to facilitate the use of data. Data on
teacher supply, demand, and quality can be made more easily available to
researchers and students by routinely providing subsets of data bases, or
tapes or disks of sample or complete data sets from surveys, for use on
personal computers.

*3. Focus on subareas of subject matter (e.g., chemistry, physics or
calculus, rather than mathematics/science in genercl) in order to permit specific
identification and targeting of areas of shortage or surplus. Especially at the
high school level, teachers of biology, chemistry, pirsics, or general science
are not interchangeable. Thus, data collection .: aggregates science
teachers or science and mathematics teachers ur a single heading is
likely to mask shortages of teachers in specialty areas.

4. Focus on trends for minorities and womenboth students and
teachersin the various subject areas at issue. Minorities co.apose an in-
creasing share of precollege enrollments. Women take fewer courses in
science and mathematics at higher leels than do men. Rends in the par-
ticipation of these groups in science and math are an important indicator of
their future supply in high-technology employment. This supply rnay also
be increased by the availability of teachers of the same ethnicity or sei: as
role models.

s I 81
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5. Ascertain, for each data collection activity considered, whether the
federal government or another entity could best collect the data. Most expen-
ditures for precollege education and all personnel decisions are made at
the state and local levels. Most detailed data ari. ,ollected at those levels
as well. Problems arise, however, when such data are aggregated to obtain
a national perspective of ff... conditions of teacher supply and demand.
School districts, for example, are not likely to record whether a new hire is
new to teaching or simply new to the district. National data on changes in
supply, however, should exclude teachers who simply move from district to
district, since they are not an element in measuring the national supply of
teachers. Data on the age and experience of employed teachers, however,
exist at the state and district levels and should not be recollected to obtain
national measures.

RESEARCH ISSUES IDENTIFIED BY THE PANEL

A number of important issues affecting supply and demand for sdence
and mathematics teachers are not well understood and are beyond the scope
of existing data and models. These are research questions that need to
N.. understood in order to determine the types of data needed to properly
model demand, supply, or quality. They are likely to require long-term
research. The panel also touches on their relation to student outcomes.
The panel did not attempt to develop a comph.hensive list of research
issues, but in the course of panel discussions a variety of research topics
was noted and are reported here.

Resources for Research

For the present, it is the panel's conviction thct the research base is
inadequate to support the development of behavioral models of teacher
supply and demand. We have identified a range of issues about how
teacher labor markets work and how they affect tf!acher supply, demand,
and quality. Further research on these issues is needed to enable the
development of causal models of teacher supply and demand.

*The panel recommends that the National Science Foundation stimulate
research on behavioral models of teacher supply and demand, and increase
the amount of support for such research.

The researca issues pertaining to each of the topicsdernand, supply,
and qualityare presented below, with asterisks mark4 those we consider
highest in priority. We also note the importance of research related to
student outcomes.
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Demand
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For development of improved models for longer-term projections,
research is needed on the behavioral factors that influence the demand for
teachers, particularly teachers of science and mathematics, in the higher
grades, and oh the pupil-teacher ratio as both a dependent and independent
factor in creation of demand. The panel therefore lists the research topics
pertinent to teacher demand that were identified in the panel's interim
report, in order of priority:

*1. The behavioral determinants of student selection of science and
mathematics courses at the secondazy school level, including the effects of
changes in graduation requirements and of student preferences for subject
areas;

*2. The behavioral determinants of parental and student preferences for
private and public schooling;

*3. The determinants of pupil-teacher ratios, especially the adjustment
lags in those ratios as enrollments change and/or the teaching force changes
in demographic composition;

*4 The -Tact on high school dropout rates ot such factors as changes
in graduation requirements, labor market conditions, and the demographic
composition and family circumstances of the school-age population; and

*5. The relationship of changes in demand for courses to changes
in pupil-teacher ratios and the resulting derived demand for full-time-
equivalent teachers of mathematics and science at the secondazy school
level.

In amplification of issue (3) above, it is noted that other factors can
affect pupil-teacher ratios: changes in the school budget and changes in
staffing patt-rns, class size, and teaching loads. A closer analysis of factors
other than changing enrollments that influence pupil-toacher ratios is an
area for further research. In periods of teacher or budget shortages, the
ratio (or class size) can be increased. When demand slackens, teachers
might stay, and so it would drop. Research on these coping responses and
pupil-teacher ratio changes could lead to more accurate assumptions about
the pupil-teacher ratio for demand models. Of particular interest would be
a disaggregation by subject, so one could focus on pupil-teac, ratios for
science and mathematics.

Supply

Although incentives or disincentives exist in schools as they do in
most organizations, we lack detailed knowledge of how they affect supply.
A variety ot behavioral and environmental factors influence the number
of individuals willing to teach: compensation (both salary and benefits),
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working conditions, availability of other jobs in the labor market area,
cost of educational training, and state and local policies for educational
professional personnel. These behavioral factors affect not only the actual
supply of teachers, but alsc the retention of current teachers. These
behavioral factors are particularly important because many of them are
levers that policy makers can use to change the supply of teachers. Much
can be learned from in-depth conferences with school district officials,
which we recon.:nend at the end of this chapter. Recommended studies of
the effect of these behavioral factors are listed below in order of priority.

*1. Incentives that affect individual decisions to enter teaching to leave
teaching and move to a different occupation, or to retire. For the first,
what are the effects of salary, working conditions, location, alternative
nonteaching opportunities, etc., on the decision to accept an offer to teach
and on the overall acceptance rates? For the second, what are the effects of
salary, instructional support, working conditions, alternative opportunities,
etc., on whether, and when in the career cycle, one dcLides to lea F; and
on the overall retention rates of teachers? For the third, research is
needed on the relationship between state separation rates for retirement
and individual reasons for retiring, external shock variables, and incentives
and disincentives for retention and retirement. Related issues are the effect
of separation rates on individual school districts and on the teaching force
for different fields of study.

*2. Supply potential of the reserve pool and supply. Because the re-
serve pool is one of the two major sources of teachers, and because the
other sourcenew certificantsis decreasing in number, research to as-
sess the supply potential of the reserve pool is of increasing importance.
Studies of the reserve pool might include the effects of incentives, such
as salary increases, on attracting individuals from the reserve poo/. lb
determine whether entry rates to teaching from the reserve pool are in-
fluenced by salary increases, districts that haw had large salary increases
(e.g., Rochester) could be studied. Another example: What are the effects
of limited mobility of teachers in the reserve pool on the supply potential
of the ,eserve pool? It appears that in general individuals re willing to
move only a small distance to accept a teaching position. A study of the
labor markets for urban areas, suburban areas, small towns, and rural areas
could help determine what that distance is. These examples are only a few
among numerous important aspects of the reserve pool in need of research.

*3. School districts experiencing supplyldemand problems. The infor-
mation collected in SASS can be used to identify such school districts for
special studies. The supply and demand situation for science and math-
ematics teachers is likely to be quit.e different in different geographic. or
labor market regions (e.g., inner city, rural, or high-income suburban).
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Examination of subsamples of districts, including in-depth inquiries, can
produce valuable special reports if done on a timely basis. They may pro-
vide information for policy use in ameliorating the problems, and they can
also help determine appropriate categories for disaggregation of data in
publications. The NCES district conferences we recommend later in this
chapter can be designed to coordinate with the study of particulai groups
of districts.

4. Alternative career decisions that minority college students and grad-
uate students are making. Why are fewer such students obtaining degrees
to teach? Why are they choosing utner positions ray..er than teaching
jobs? Why are they leaving teaching? Research should probe into the
first two questions to identify the alternatives minorities choose and the
perceived opportunity costs that draw them away from teaching science or
mathematics. Such 1u-tow ledge -an help form strategies to attract minorities
into teaching and, indirectly, to increase the overall supply pool. The last
question could be addressed with data from the SASS questionnaires. The
best data source for the earlier question is the set of follow-up surveys of
the NLS-72.

5. Effect of increasing certification requirements on the incentive
obtain a teachim: .ertificate or to app4i for a teaching position.

6. Incentives that attracted the recipients of NSF's Presidential Science
Awards to teaching and those that keep them in the teaching profession. 1 he
professional development activities of the recipients of mathematics awards
have been studied (Yamashita, 1987).

Quality

Neither teacher quality nor teaching quality is a term that lends itself
readily to precise definition. Teacher quality refers to the knowledge, skill,
and general ability level of the teacher. We believe that measurement
of teacher quality is important because some of the measures of teacher
quality seem to be important factors in determining who goes into teaching
and who fin& better opportunities elsewhere. Thus teacher quality is an
important variable in teacher supply models, and we need to understand the
responsiveness of teacher quality to incentives. Obviously, teaCaer quality
is determined in part by the quality of teacher preparation programs; the
issue is the degfee to which these programs prepare teachers to be effective
pedagogues in transmitting knowledge about mathematics or science.

lhaching quality is also of direct concern to the panel, since it is a
direct measure of the degree to which a teacher of mathematic cr science
is able in the school setting to lead students to a better understanding of
mathematics ir science. Teakling quality, as we see it, derives from several
sources and can be measured by different types of data pertaining to the
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school setting in which rlassroom teaching takes place. lbaching quality
is affected by school and district policies and practices, such as selection
of teaching materials, allocation of time to various subjects, availability of
laboratory facilities, and the teacher's degree of autonomy in the classroom.
It is also affected by curricular structure and processes and by teacher
characteristics such as subject matter competence and ability to facilitate
learning, which in turn are affected by the quality of teacher training.

A frequently used measure of teacher quality is teacher qualifications-
courses taken, credentials received, etc. While we recognize that there
is some link between teacher qualifications and both teacher quality and
teaching quality, it is the panel's view that the linkage is apt to be loose
rather than tight; again, that is clearly a topic for research.

In the course of panel discussions on these issues, we noted several
studies related to teacher quality or teaching quality that could be pursued,
and we list them in order of priority.

*1. Study the effectiveness of practices that schools and school districts
have employed to improve quality-for example, the mentor schools in edu-
cation ;n Dade County, Florida.

*2. Examine the inservice training practices for science and mathematics
teachers that are provided by elementary and secondary schools, to identify
programs that seem to be effective and to understand reasons why some
programs appear to work while others do not.

*3. Study teachers' transcript records to determine the degree to which
transcripts can be used as an accurate reflection of subject matter knowl-
edge.

*4. Study the methodological curriculum in teacher training institutions
to ssess Ulf-, degree to which these institutions vary in their emphasis on
pedagogical theory compared with pedagogical practice.

5. Compare the academic backgrounds of teachers who leave teaching
and those who stay. (Substudies based on teacher transcripts could be
conducted for teachers identified in the Schools and Staffing Survey.)

6. Conduct a follow-up at the schools of the recipients of the Presidehtial
Awards in Science and Mathematics Teaching to gain insights into factors
that might improve quality at the school level by noting how the award
money was actually spent. The supply-related research issue suggested
above could be coordinated with this in a single research project focusing
on the award recipients.

7. Measure the extent of movement of teachers within school systems
from elementary to middle to high school teaching and assess whether
these transitions are eroding the average level of content background for
secondary science and mathematics teachers and for the body of remaining
elementary teachers who do not transfer.

1..Fa3
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Student Outcomes

Although the focus of the panel's study is on the supply, demand, and
quality of teachers and on the data needed to monitor these phenomena,
it is clear to the panel that their ultimate usefulness lies in the effect
of these characteristics on learning. Thus, it is important to measure
supply, demand, and quality because it is presumed that these factors
are linked to student learning outcomes. But that linkage needs to be
explicit; it consthutcs an important area in which substanti research
efforts need to be carried on. Some aspects of research that would attempt
to relate teacher characteristics, school environment variables, and home
environment variables to student outcomes and to recognize the importance
of variation in school outcomes are described below.

1. Teacher characteristics. Research to date has not shown a clear
link between teacher characteristics and student outcomes. As indicated
in Chapter 5, it appears that verbal ability, the number of mathematics
or science credits, recent educational experience, professional involvement,
years of teaching, and attitudes toward teaching may exhibit some positive
relationship, often weak, to student performance. A better understanding
of the relationship between teacher characteristics and student ol:'..comes
is needed. As a start toward research on this issue, the National Assess-
ment Educational Progess (NAEr) teachcr questionnaire for 7th- and
llth-grade science and mathematics teachers, from the latest science and
mathematics assessment (in 1985-86) can be studied, In conjunction with
their students' science and mathematics NAEP test scores. The next NAEP
science and mathematics assessment is planned for 1990. In addition, the
National Education Longitudinal Study of 1988 (NELS:88) includes mea-
sures of student outcomes together with a set of teacher characteristics and
characteristics of schools and districts. For the research to be more mean-
ingful, measures should be obtained through records such as trans, ,ts
rather than through survey questions.

2. School environment factors. Research should also be concerned
with school environment factors that can affect student outcomes, for ex-
ample, the constraints placed on teachers by school or district practices
such as the degree of mentoring provided to new teachers, teachers' op-
portunities to interact with other teachers, and the allocation of classroom
hours among mathematics, science, and other subjects.

3. Home environment mriables. Learning is influenced not only by
teacher and :eaching char-teristics, but alsoand perhaps primarilyby the
characteristics of the student's home environment. Before learning takes

'ace in formal school settings, i: takei place in the home, and home
environments continue to pla) a role in student learning throughout the
entire developmental process. TN's, incorporating the influence of home

a 7
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environment variables (e.g., time spent uy parents with children and the
beliefs z.nd expectations of parents for their children) in studies of student
outcomes is crucial to understanding the true influence of teachers and
teaching factors on learning.

4. Variation in whool outcomes. The objective of school is to facilitate
learning and, from the perspective of the panel, to promote learning
in science and mathematics. But from that perspective, facilitation can
mean either improving the average outcome or reducing the variation in
outcomes. These objectives can sometimes conflict, and part of what most
people mean by effective teaching is to find ways to increase the minimum
that all students master while not restricting the opportunities of the more
able or the more rapid learners. Much existing research has focusei largely
on th ', influence of schools on average outwes, and has not recognized
the importance of variation in outcomes.

*The panel recommelds that further research be conducted on the rela-
tionship of measurable characteristics of teachers of mathematics and scknce
and home and school environmental factors to educational outcomes of stu-
dents in these fields. This research should explore variation in outcomes as
well as average outcomes.

Although we recognize the difficulty of conducting controlled experi-
ments in education, we believe such experiments could be particularly useful
in studying the relationship between measurable teacher qualifications and
student outcomes.

RESEARCH FACILITATION

Educational research is carried out by a number of constituencies:
federal, state and local government, research organizations under contract
to the government, and academic institutions. Research carried out by
governments or research organizations is normally designed to answer
specific questions. For example, a research organization is given a grant or
contract to study the usefulness of indicators in education.

Graduate Student Research

Research at academic institutions is carried out in the form of doctoral
dissertations or by faculty interested in particular aspects that relate to a
specific area of knowledge. For example, a doctorai candidate whose field of
interest is gender may be interested in determining gender differences with
respect to mathematics background for teachers. The nurn' r of doctoral
dissertations iS large and reflects a rich source of highly trat.. individuals.

I S8
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In order to attract this group to work on problems of educational interest,
student support should be available.

*The panel recommends that the Office of Educational Research and
Improvement within the Depo.rtmeni of Education create a program of doctoral
graduate student support (training grants) in education statistics.

The training grant program in the health sciences (biostatistics) has
been very successful in attracting to the field of biostatistics a large number
of individuals, many of whom are currently employed by the National
Institutes of Health, other health organizations, and the pharmaceutical
industry. This has changed the level of sophistication in these fields and
permitted studies to answer questions on the health status of our society.
A comparable program in education statistics could bring to education a
parallel group of talented researchers.

Data Bases for Personal Computers

To carry out a doctoral dissertati.on related to teacher quality or models
of teacher supply and demand, access to relevant data is needed.

Th2 panel recommends that data from education agencies and studies
relating to education be made available in the form of tapes of the complete
data sets, as well as user-friendly disks of data samples.

It is particularly important that the documentation be understandable
to the researcher without too great an investment of time. An analysis of
a large data set can be a very time-intensive process, often taking a year
to complete. Such a required time expenditure would not permit graduate
students sufficiently ready access for use on a dissertation.

Small data sets should be made available for classroom and textbook
use. This would have the effect of making education data more visible to
a wider audience and ensuring more extensive analysis of the information.

State Data Bases

The national data bases we have described, as valuable as they will
be, will not detail state labor markets or labor markers by field of study.
StuelL.L' by Murnane and his colleagues (1988, 1989) show that when data
are desired for longer time periods or for variables beyond those collected
in these national studies, or when greaier disaggregation is needed, state
data bases become thc most useful existing resource. For this reason,
the panel surveyed the state education agencies (SEAs) concerning their
available data files on public schooi professional personnel. The results
of this survey are summarin ,n Appendix C. The appendix shows the
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earliest date for which data are available and the availability of selected
data items. In Massachusetts, the Massachusetts Institute for Social and
Economic Research (MISER) used files of the state certification board and
the state retirement system to study the supply and demand for teachers
in the state of Massachusetts. This study is being expanded to all states in
the New England region.

There are indications in state studies by Murnane and his colleagues
and in Heyns' analysis of the NLS data (1988) that there are large differ-
ences between elementary and secondary teachers in career paths, decisions
to stay in teaching, and patterns of reentry to teaching. The studies by
Murnane and his colleagues also indicate that both states and fields of
study show differences along these variables. The studies are also useful
in showing how to combine single-year record tapes of state agencies into
multiyear career history files, making it possible to study the attrition and
retention of teachers.

Limitations of Univariate Indicators

The panel sounds a note of caution about interpretation of univariate
indicators of quality and about analyses that fail to consider the conic.% in
which quality is measured. The quality of science and mathematics Litc-
tion is multifaceted, and single variables are best studied hi a multitaceted
context.

An indicator of quality is offered as an example. Membership in
mathematics or science teacher professional associations, attendance at
workshops sponsored by these accociations, and payments by school dis-
tricts for advanced training in teachers' specialties during the summer are
univariate indicators that appear amenable to data collection. Although it
would seem that these are measures of quality, that may not always be the
czse. If these data are cross-classified by district characteristics, they might
indicate differences. Whether or not these diffaences are differences in
quality is a moot point. For instance, districts with small enrollment might
support advanced training in the summer to compensate for the isolation
of their teachers. Districts with high socioeconomic status might do so
to reward their outstanding teachers. Still other school districts finding it
diffp ult to recruit teachers might offer such training as an incentive for
hiring, as is done by the Dade County and New York City school districts.

This leads to a caution about interpretation of univariate indicators
of quality and about policy analysis that fails to account for thcir value
by considering tile context in which qualiCy is measured. Frequently cited
measures of scii,nce education quality are the number of physics courses
offered by a high school and the number of teachers certified to teach
physics. Altunatively, frequently cited measures of low quality are the
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number of physics courses taught by an out-of-field teacher certified in
another physical science or the absence of physics courses. Under this
definition, a large proportion of the high schools in this country would be
rated as of low quality in science education, and a large proportion of the
nation's students attend these schools.

Before making a policy prescription it is important to classify districts
by characteristics that may affect the behavior observed. The low score
on this measure is attributable to the low enrollment size of these schools,
which is too small to support a full-time physics teacher. In this example,
size was an intervening variable, which should lead us to expect split
teaching assignments and few courses in physics in small high schools and
to consider policy initiatives appropriate to small schools. Obviously, the
explanation for the low score on this quality measuresmall schoolsdoes
not change the low score nor does it change the quality of the part-time
teachers.

As another example of the caution needed in using univariate indica-
tors, high achievement test scores have often been associated with schools
in high socioeconomic neighborhoods. Analysts might find a high corre-
lation between some educational practice or teacher background variable
and student achievement. Tne teacher background variable might relate
to the practice. The high socioeconomic neighborhood attracts teachers
with the background variable. A multiple regression would indicate that
all three variablessocioeconomic neighborhood, teacher background, and
educational practicerelate to high achievement test scores. If only one of
these variables is studied, the explained variance will be overstated. Quality
instruction in science and mathematics is multifaceted, and single variables
are best studied in a multifaceted context.

IACILITATION OF INFORMATION EXCHANGE AMONG
DISTRICTS, STATES, AND THE NCES

As evident throughout the report, the activities the panel carried out
to obtain information about the flow of teachers and the quality of teachers
in individual school districts influenced our thinking in many ways. The
16,000 school districts in this country operate relatively independently. The
staffing problems they encounter vary widely, and the actions taken by
district superintendents and personnel directors to address these problems
are both innovative and varied. Both applicants and school systems have
effective means of coping with the uncertainty of budgets and contracts
and adjusting to institutional barriers (e.g., use of the substitute pool to
stockpile place-bound potential teachers, use of graduate students to teach
part time, cooperative arrangements with local industry). Much of the
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information about school district actions to address staffing problems will
not be captured by the SASS. A few illustrations follow.

New York City has hundreds of science and mathematics teachers
who are teaching out of field, but not because of a teacher shortage.
The school principals have not requested replacements for these teachers
because they are effective in working with students in inner-city schools,
whereas the ability of certified replacements to control the classroom is an
unknown. Yet incidence of out-of-field teaching is one of ihe measures of
shortage in use.

The personnel officer of a middle-sized Texas district asserts firmly
that the district has no shortage of science and mathematics teachers, and
yet they rely heavily on an aggressive national recruiting program.

The panel selected a pair of adjacent districts in Maryland for
in-depth case stuLles because it was thought they would draw on the same
labor market. In fact the large urban district recruited at numerous job
fairs (occasions at which as many as 20 teacher-training institutions gather
their graduates on one campus for a one- or two-day meeting) in areas as
far away as Illinois, Michigan, northern New York, and North Carolina.
The smaller, semirural district recruited in rural areas of the state and
neighboring states. The more rural district was looking for teachers who
would be content to live in a rural area and whose values would be similar
to those held by the community.

The nature and timing of collective bargaining increases the dif-
ficulty of making accurate demand projections. Since many contracts are
negotiated in late spring or during the summer, and since clauses typically
offer benefits like improved health care provisions to any teachers under
contract on the date the agreement is signed, teachers who intend to resign
wait until the contract is completed before giving notice. This leads to an
underestimate of attrition for demand projections.

Hiring is a year-round process for the seven large districts that
participated in the panel's conference, and "demand" is not a static number
that measures need only in the fall of each year. In fact these districts do
only about half of their hiring for September.

The Dade County School System found that wiuespread recruit-
ment was not as successful as anticipated. Although they recruited success-
fully in the northern tier of states, retention was a problem because the
new recruits could not cope with the multicultural student body, the heat,
the lack of seasons, and homesickness.

The case studies and the conference of personnel directors vividly
demonstratea to the panel the diversity of practices and styles ana the
diversity of labor market situations that characterize the nation's school
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districts. The panel believes that NCES could profit from frequent inter-
actions with school district personnel and could play a valuable role as
a broker between data producers and data users in the states. A useful
mechanism for such interaction would be conferences of district and/or
state personneL At least three types of conferences are envisioned:

1. An annual corference structured to help NCES in design and
analysis of SASS. Attendees at this conference would be a mix of district
superintendents and personnel directors from districts in the SASS sample.
The group should be small enough (7-10 individuals) to permit roundtable
discussion. The district personnel would be asked to discuss what is going
on in the district with respect to teacher supply, demand, and quality that
is not revealed by the data on the SASS forms. This information could
be used to provide a framework for analysis of SASS data and caveats to
accompany the analysis, and possibly to identify items that should be added
to or deleted from the SASS forms.

2. A conference designed to facilitate analysis of teacher supply and
demand at the state and district levels. Attendees would be state personnel
who prepare supply-and-demand models and individuals experienced with
modeling who would be sensitive to implicit assumptions in the models that
might not be appropriate for use in some states. An exchange of ideas
among these individuals cculd lead to improvements in state models and in
models that states prepare for their individual districts. (When the panel
convened the conference of personnel directors from large school districts,
we were surprised to learn that these individuals had never met, yet they had
problems that were unique to big districts in both nature and magnitude.
One of the major benefits of the meeting to them was the opportunity to
share problems and solutions. The conference was of sufficient value to
them that they have instituted an annual meeting involving a larger number
of districts.)

3. A conference designed to stimulate communication between state
data producers and district data users. The conference of personnel direc-
tors of large school districts provided a striking example of the potential
benefit of such conferences. The personnel director from New York City
suggested that it would be helpful to have some central organization collect
and disseminate information on the number of persons enrolled in teacher
training programs, by institution, as contrasted with the currently available
data on education majors. One of the panel mem5ers knew that the de-
sired information is currently collected by the state education agency and
arranged to send it to the district.

Brief reports of the conferences should be prepared so that districts and
states that were not represented among the conferees could also benefit
from the exchange of ideas.

13
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By maintaining frequent contact with the individuals who make the
decisions that affect teachers, much can be learned about the fiow of
teachers through the school system, and the quality adjustments made in
this fiow by aggressive recruiting, raising or lowering standards in hiring,
providing inservice training, and using incentives to attract and retain
teachers.

*The panel recommends that the National Center for Education Statistics
convene (a) an annual conference of district personnel who are responsible
for the decisions that affect teacher supply, demand, and quality to maintain
an awareness of the current issues in teacher supply and demand; (b) periodic
conferences of state personnel who prepare state and local supply and demand
projections to facilitate improvement in these models; and (c) occasional
conferences to promote communication between state personnel who produce
relevant data and district personnel who would find these data useful in
their recruitment activities and in development of district policies concerning
teachers.

The panel learned much from the interaction with district personnel.
We believe that staff of the National Center for Education Statistics would
find it equally rewarding and that the center's surveys and analyses would
be enriched by such interaction.
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Appendix A
Panel Activities

Throughout the report we have referred to findings from our direct
contacts with public school districts. 'lb involve school district participation,
the panel undertook three activities: a conference with personnel directors
from large city school districts, a set of mini case studies building on reports
of research in school districts studied by ither researchers, and on-site in-
depth case studies of school districts. Since the reader may want to evaluate
the scope of these activities, they are described below.

CONFERENCE OF PERSONNEL DIRECTORS

A conference of personnel directors from seven large city school dis-
tricts was convened in May 1988. The subject of this conference, "Struc-
turing Professional Personnel Information Systems for Analyses of 'reacher
Supply and Demand," focused on supply- and demand-related data that
laige school districts regularly collect. Personnel administrators represented
the following school districts:

Seattle Public Schools (Washington)
Montgomery County Public Schools (Maryland)*
San Diego City Unified School District (California)
Dade County Public Schools (Florida)
Chicago Public Schools (Illinois)
Los Angeles Unified School District (California)
New York City Public Schools (New York)

Also included in the mini case studies.
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During the evening session on the first day of the conference the
participants developed the following list of topics, which were discussed the
next day:

1. Effective recruiting strategies
What recruiting strategies are effective in attracting good teachers
to urban districts with limited salaries?
'Ib what extent is it necessary to go outside the district to recruit?
Are salary supplements for M/S teachers effective in recruitment?
What problems arise from general recruiting raC.er than recruiting
to meet need for each subject?
How :an general recruiting be used effectively to provide an
adequhl ;upply of M/S teachers?
How can nore people be attracted for M/S openings so district
has a chok '7
What long-range effects on supply can be anticipated by aggressive
recanting to obtain a panel of applicants for each M/S position?
Can ihe panel make recommendations that would affect recruit-
ment problems?

2. Experience with the reserve pool
What proportion of M/S teachers come from reserve pool?

3. Recruitment during the school year
Why is it happening?
Is it widespread among large and small districts?
What are the reasons for vamncies during the school year?
Are there trends in these reasons?
What are the reasons for vacancies during the school year?
Are there trends in these reasons?
What effect does such recruiting have on teacher quality?

4. Innovative approaches to address projected shortages of MIS teachers
Alternative certification programs

5. Models used by districts for projecting need for teachers
What do districts actually do to project need for M/S teachers?
Are projections limited by fact that available data were collected
for administrative purposes such as hiring, paying, staffing, school
buildings, and maintaining records for retirement?
Is there a model for simulating staffing demands by subject that
takes into account seniority rights to vacancies so that early hiring
can be done in districts?

6. Design of information systems that have the capability of identifring need
for MIS teachers by subject

Need for integrated system
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What knowledge should the informaticn system be able to pro-
duce?

7. Ideal information system
If there were no constraints on the information system, what
information would you like to have?

8. Teacher qualify
How do districts define quality?
Certification versus teaching out-of-field
What information is helpful in recruiting for quality?

Are elementary science teachers required to have science training,
e.g., a laboratory science course?
What effect have the NSF training institutes had on the quality of
M/S teachers?

9. Retraining
Has your district retrained teachers in fields such as social sciences
to teach M/S subjects?
Have retrained teachers been successful?

10. Minorities and women
How can M/S teaching staff be balanced to provide role models
for minorities and women?
Are there enough women and minority M/S teachers to achieve
such balance?
What is needed to attract, min, and retain such teachers?

11. Poor petformance
What are the underlying issues in the relatively poor attainment
of U.S. students in international math and science assessments?
What could the NSF do to study these issues?

MINI CASE STUDIES

Only a small amount of information was collected in the mini case
studies since the panel could draw on information about those districts
reported by researchers who had conducted studies of these districts. A
total of 27 mini case studies were conducted through a combined telephone-
and-mail survey project in the summer and fall of 1988. The mini case
studies involved the following districts:

Houston Independent School District (Houston, lbxas)
Hillsborough County Public Schools (Tampa, Florida)
Montgomery County Public Schools (Montgomery County, Mary-
land)
Clark County School District (Las Vegas, Nevada)
Jefferson County School District (Louisville, Kentucky)
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New Orleans Public Schools (New Orleans, Louisiana)
Albuquerque Public Schools (Albuquerque, New Mexico)
Charlotte-Mechlonburg Schools (Charlotte, North Carolina)
Columbus Public Schools (Columbus, Ohio)
Austin Independent Schoo; District (Austin, lhas)

Mesa Unified School District (Mesa, Arizona)
Rochester City School District (Rochester, New York)
Richland School District No. 1 (Columbia, South Carolina)
Salt Lake City School District (Salt Lake City, Utah)
Guilford County Schools (Greensboro, North Carolina)

Lake Washington School District (Kirkland, Washington)
Durham County Schools (Durham, North Carolina)
Greenwich Public Schools (Greenwich, Connecticut)
Barrow County School District (Winder, Georgia)
Martin County Public Schools (Williamston, North Carolina)

Watauga County Schools (Boone, North Carolina)
Northampton County Schools (Jackson, North Carolina)
Jamestown Public Schools (Jamestown, North Dakota)
Howard-Suamico School District (Green Bay, Wisconsin)
MSAD NO. 15 (Gray-New Gloucester, Maine)

Fast Williston Unified School District (East Williston, New York)
Medicine Valley School District (Curtis, Nebraska)

The telephone interview guide and the mall-questionnaire form that were
used for the 27 mini case studies can be found at the end of this appendix.

IN-DEPTH CASE STUDIES

Six in-depth case studies were conducted on site, involving school
districts in California, Maryland, and Utah. The school districts are not
named because confidentiality was pledged.

Jane L. David conducted case studies of two neighboring districts in
California tnat were expected to draw on the same labor market. Marianne
Amarel conducted case studies of a pair of adjacent districts in Maryland.
Finally, two additional school districts were selectedone in Utah and
one in Californiabecause they were experiencing substantial increases
in enrollment. Special problems of supply and demand for science and
mathematics teachers may exist in districts with increasing enrollment.
And since secondary enrollments are projected to increase rationwi& in
the near tuture, we wanted to include in-depth studies of districts now
experiencing increases. Jane L. David and Jennifer Pruyn conducted these
case studies.
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(Telephone Interview Guide for Mini Casc Studies)

DISTRICT

INTERVIEWEE

BACK GROUND

HS GRADE

I During which months do you interview/hire?

2 Looking for m/s tcachcrs with special qualifications?

3 Particular difficulty recruiting rn/s tcachcrs?

4 Docs rn/s recruiting differ frorn recruiting for othcr subjects^

5 Categories of rn/s ,eachers in your district rccords

2 2 6
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(Survey Questionnaire for Mini Case Studies)

Supply and Demand for
High School Mathew:tics and Science Teachers

District Context

I. What is your district's total enrollment?

APPENDIX A

District Name
Person Completing Form
Position Title
Telephone Number

2 What is the current approximate ethnic mix of your district's student body'
( 96 white, 96 black, 96 Spanish surname, 96 other)

3 Has your district experienced any reductions-in-force during the period 1985-088"

4, D)ring the period 1985-1988, was the high schoo: student population growing, stable, or
decreasing"

5 Number of high schools in your district

High School Mathematics and Science Teachers

6. How many high school m:thematics and science (m/s) teachers arc currently employcd
by your district?

7. How many high school rn/s teachers have 5 Jr more years of service in your district'
10 or more years"

8 What is thc starting salary for 3 rn/s teacher with a BA and no prior experience'

What is the top salary for a m/s teachcr with a master's degree?

9 Where do most of your rids applicants come from (i e, nearby universities or tcacher
training institutions, other districts, etc )

10 About how many fully qualified applicants per vacancy do you have in mathematics'
In science'

II Is your district experiencing shortages of qualified applicant nathematics Or Science
Subjects.' If so, in what subjects'
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llow many vacancies were filled for all high school subjects. and in particular for
mathematics and science?

This school year
(1987-1988)

List school year
(1986-1987)

The school year
before
(1985-1985)

Total fall subiectsj Mathematics Science

13 What was the principal reason for the rn/s vacancies in these 3 years?
To respond to enrollment growth
To replace retirees
To replace teachers leaving the system for reasons other than retiremen:

Comment'

14 Over the past 3 school years, how many of your rn/s vacancies were filled by persons
with the following kinds of expmenee/certification in teaching m/s?

Certified in m/F

New graduates with
no prior teaching
experience

o Earlier graduates
out with no prior
teaching experience

Experienced rn/s
teachers

Noncertified in m/s,
but with emergency or
temporary credentials

This school
year
(1987881

Last school
year
(1986-87)

The school
year before
(1985-86)

15 Does the di:trict sponsor training programs for teachers who are not certified in ms.
but who are filling rn/s vacancies'? Comment:



Appendix B
National Data Sets Relating to Demand,
Supply, and Quality of Precollege Science

and Mathematics Teachers

The Schools and Staffing Survey (SASS)
High School and Beyond
The National Longitudinal Study (NLS-72)
National Education Longitudinal Study of 1988 (NELS:88)
Surveys of Recent College Graduates (RCG)
The National Assessment of Educational Progress (NAEP)
The American Freshman
National Surveys of Science and Mathematics Education
Status of the American Public School Racher

THE SCHOOLS AND STAFFiNG SURVEY

The Schools and Staffing Survey (SASS) is an integrated set of the
National Center for Education Statistics surveys consisting of the Teacher
Demand and Shortage Survey, the School Survey, the School Administrator
Survey, and the lbacher Survey (including separate follow-ups a year later
of those sampled teachers who leave teaching and a subsample of those who
stay in teaching). These surveys were first conducted in the 1987-88 school
year, will be conducted again in 1990-91, and are scheduled to be repeated
thereafter every two years. They are designed to better measure important
aspects of teacher supply and demand, the composition of the administrator
and teacher work force, and the status of teaching and schooling generally.
More specifically, five purposes underlie these studies: (1) to profile the
nation's precollege teaching force; (2) to improve estimates and projec-
tions of teacher c!:pply and demand by teaching field, sector, level, and
geographic location; (3) to allow analyses of teacher mobility and turnover;
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(4) to enhance assessment or teacher quality and qualifications; and (5)
to provide more complete information on school policies and programs,
administrator characteristics, and working conditions. If implemented suc-
cessfully, we will have a national data base ot indicators of teacher supply,
demand, and quality.

The sampling unit for SASS is the school-9,300 public and 3,500
private schools were selected for SASS; the districts to which those schools
belonged were then identified for the sample. Thus, 5,600 public local
education agencies are in the sample (of a universe of 16,000). Within
the selected schools, 52,000 public and 13,000 private school teachers were
sampled, totaling 65,000 teachers. Of the 52,000 public school teachers,
23,000 taught at the secondary level; 29,000 were elementary teachers.

Below are capsules of the kinds of data found in each of the surveys.

SASS IATeacher Demand and Shortage Questionnaire for Public
School Districts (SASS 1B is the parallel private school form). District
enrollment, hiring and retirement policies, and staff data. Number of
teaching positions, by level and field, that are filled or remain unfilled.
New hires, layoffs, salaries, benefits. High school graduation requirements
by field.

SASS 2School Adnantstrator Questionnaire (public and private). Thin-
ing, experience, and professional background of principals. School prob-
lems, including teacher absenteeism. Influence of teachers/principal/district
on curriculum and on hiring. Methods of dealing with unfilled vacancies.

SASS 3APublic School Questionnaire (SASS 3B is the parallel private
school form). Pupil-teacher ratio, student characteristics, staffing patterns,
and teacher turnover (entry, attrition). Supply sources of new entrants and
destinations of leavers. Some data can be analyzed by academic subject
area.

SASS 4APublic School Teacher Questionnaire (SASS 4B is the par-
allel private school form). Education and training, current assignment,
continuing education, job mobility, working coaditions, career choices. Di-
vision of time, courses taught. Achievement level of students. Salary, other
income. Opinions on pay policies, salary, working conditions, professional
recognition, etc. What they did before they began teaching at this school.
Data can be analyzed by teaching field.

TFS 2Teacher Follow-up Survey (Questionnaire for former teachers
sampled in SASS). Tbacher attrition, salary, other factors or reasons for
leaving teaching. What they did after leaving. Comparison of teaching
with current occupation with regard to salary, working conditions, and job
satisfaction. Data can be analyzed by subject.

TFS 3Teacher Follow-up Survey (Questionnaire for sampled teachers
who remained in teaching). Factors in retention; reasons for possible
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change in school assignment. Saiary, other income. Data can be analyzed
by subject.

Data related to demand are found in SASS 1A, the district-level
questionnaire; data related to supply, teacher qualifications, and quality
are found in the teacher questionnaires. Links exist among the school,
teacher, and administrator questionnaires to enable comparative analyses.
And repetition of SASS every two years will yield valuable information on
trends in indicators over time.

Contact: Mary Papageorgiou
National Center for Education Statistics
555 New Jersey Avenue, N.W.
Washington, D.C. 20208
2021357-6336

HIGH SCHOOL AND BEYOND

High School and Beyond is a national longitudinal survey of 1980
high school seniors and sophomores conducted by the National Center
for Education Statistics. A probability sample of 1,015 public and private
high schools was selected with 36 seniors and 36 sophomores in each of the
schools. A total of about 30,000 sophomores and 28,000 seniors participated
in the base-year survey. The base-year data were collected in 1980, with
follow-ups in 1982, 1984, and 1986. In addition, data from their parents
and teachers and high school and postsecondary education transcripts were
included. Currently the sample contains 14,825 participants from the 1980
sophomore cohort and 11,995 participants from the 1980 senior cohort.

The purpose of the survey is to observe the educational, occupational,
and family development of young people as they pass through high school
and college and take on adult roles. Data obtained can also help re-
searchers understand the new graduatc component of the supply pool and
the incentives to which they respond.

The 1980 and 1982 surveys consisted of questionnaire data (on back-
ground characteristics, attitudes, postsecondary educational and career
plans, and activities related to education, career, and family development).
Cognitive tests developed for the sophomore cohort by the Educational
Testing Service were administered in 1980 and 1982. The tests were de-
signed to measure cognitive growth in three domains: verbal, mathcmatics,
and science.

The 1984 and 1986 follow-up surveys contain similarly detailed ques-
tions concerning college courses and experiences, jobs (including salaries),
attitudes, and marriage and family formation. Tentative plans call for an
additional follow-up of the 1980 sophomores in 1991. An analysis file is

231



NATIONAL DATA SETS 221

being prepared containing transcripts and student responses for students
indicating that they plan to become teachers.

The Administrator and Thacher Survey (AM) was designed and given
to a sample of High School and Beyond school staff in 1984 to explore
findings from "effective schools" research with a broadly representative
sample. The effective schools literature identifies characteristics of schools
in which students perform at higher levels than would be expected from
their background and other factors. Prior to the ATS, measures of those
characteristics were not available on any large national data set. The ATS
provides measures of staff goals, school environment, school leadership,
and other processes believed important.

A total of 457 public and private high schools (approximately half of
the 1,015 High School and Beyond schools) were sampled for the AM;
separate questionnaires were prepared for principals, teachers, vocational
education coordinators, heads of guidance, and community service coor-
dinators. Up to 30 teachers in each of the 457 schools responded to the
teacher questionnaire; only one respondent per school completed the other
surveys. There are 402 principals in the sample. In all, approximately
11,000 administrators and teachers participated.

The ATS was designed to measure school goals and processes that the
effective schools literature indicates are important in achieving effective
education. Questionnaire items describe staff goals, pedagogic practices,
interpersonal staff relations, teacher workload, staff attitudes, availability
and use of services, planning processes, hiring practices, optional programs
designed to produce educational excellence, and linkage to local employers,
parents, and the community.

The AM asked teachers a number of quality-related questions con-
cerning school environment, in-service experience, interruptions, autonomy,
absenteeism, parent contact, hours spent teaching and nonteaching, and
time use and practices in a typical class. The respondent's educational
background and subject preparation, certification and salary data were also
asked. NCE.S has not issued publications based on the ATS, but the data
are available on tape and a code book is available.

Contact: Carl Schmitt
National Center for Education Statistics
555 New Jersey Avenue, N.W.
Washington, D.C. 20208
2021357-6772
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TH.e. NATIONAL LONGITUDINAL STUDY

The National Longitudinal Study (NLS-72), conducted oy NCES and
administered by the National Opinion Research Center, studies the high
school class of 1972 in the form of a sample of 23,000 htt: school seniors
(1972) enrolled in 1,318 high schools. Follow-ups were conducted in 1973-
74, 1974-75, 1976-77, and 1979-80. A fifth follow-up wa: conducted on
a subsample in 1986, with apprmdmately 13,000 responding; at this point
they were about 32 years old. In each follow-up, data were collected on
high school experi,nces, background, opinions and attitudes, and future
plans. Participants took achievement tests in the first survey. Follow-
ups traced their college, postgraduate and work experiences, including
salaries. Reasons for leaving schools or jobs were also asked. In ad 'Won,
respondents included data on marriage and family formation and military

A lbaching Supplement Questionnaire was sent to all respondents to
the fifth follow-up survey (1986) who indicated they had teaching experience
or had been trained for precollege teaching. In addition, persons with
mathematics, science or engineering backgrounds (with 2-year, 4-year, or
graduate &grecs in those fields) were drawn into the sample. A total of
1 147 eligible individuals responded. Of these, 109 indicated they actually
had no teaching experience, degree in education, or certification to teach.
This left 1,038 completed teaching supplements to analyze, drawing on the
wealth of previous NLS data on these individuals.

This sample of current and former teachers (and some who never
became teachers) were asked about career paths, salaries in teaching and
nonteaching positions, certification, continuing education, famly formation,
reasons for entry into teaching and attrition, and nonteaching jobs. This
detailed information can be analyzed by subject area.

The data have been analyzed at NCES and by Heyns (1988) in light
of contribwina to kncwledge of the characteristics of the supply pool, to
identifying patterns of entry, exit, and reentry and to understanding the
role of salary and other incentives.

Contact: Paula Knepper
National Center for Education Statistics
555 New Jersey Avenue, N.W.
Washington, D.C. 20208
202/357-6914
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NATIONAL EDUCATION LONGITUDINAL STUDY OF 1988

The National Education I., . "udinal Stu 4y of 1988 (NELS:88) is a
new education longitudinal st. sponsored by NCES and designed to
provide trend data about criticai transitions experienced by young people
as they develop, attend school, and embark on their careers. By initially
focusing in 1988 on 8th graders and their schools, teachers, and parents,
then by following up that cohort at two-year intervals, the NELS:88 data
will be used to address such issues as persistence and dropping out of high
school, transition from 8th grade to high school, tracking, and features of
effective schools.

For the base-year survey conducted in the spring of 1988, a nationally
representative sample of 1,000 schools k800 public and 200 private) was
drawn. Within this school sample, 26,000 8th grade students, 6,000 8th
grade teachers, and 24,000 parents were surveyed. Thus, the four major
component surveys for the base year were directed at students, parents,
school administrators, and teachers.

Students were asked about school work, aspirations, and social rela-
tions. They also took cognitive tests in four achievement areas. reading
and vocabi lary, mathematics, science, and social studies. The parent sur-
vey gauget parenta aspirations for their children, commitment of resources
to their children's education, and other family characteristics relevant to
educational achievement. Analysis of these data may suggest young peo-
ple's levels of interest and their parents' commitment to pursuing sci-
ence/mathematics fields in the future.

School principals provided information about the teaching staff, stu-
dent body, school policie and offerings, and courses requaed for 8th
graders. For example, for science and for mathematics, the principal was
to note whether a full year, a half year, less than a half year, or no specified
amount is required. Whether a gifted-talented program is offered is also
noted, by subject. School environment items, and particularly discipline in-
dicators, are included. Staffing questions are general and not broken down
by subject. From this survey, data on 8th grade mathematics or science
required might inform demand in a general way. Course-taking data might
inform preparation for high school mathematics and science. Indicators
of quality of education offered at the 8tn grade leve..ire somewhat more
evident.

Racher data include academic background and certification informa-
tion, class size, time use, instructional materials used, laboratory use, and
school environment information. The teacher questionnaire thus can shed
light on a number of indicators of quality of education offered at the 8th
grade level by subject.

23 4
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The science and mathematics teachers who participated in NELS:88
are expected to furnish postsecondary education transcripts for a National
Science Foundation study, the NSF lbacher 'Thanscript Study, begun under
contract with Westat, Inc., in 1988. This study plans to collect transcript
data on a national basis for use in assessing teacher characteristics.

Contact: Jeffrey Owings
National Center for Education Statistics
555 New Jersey Ave., N.W, Room 518
Washington, D.C. 20208
202/357-6777

SURVEYS OF RECENT COLLEGE GRADUATES

The National Center for Education Statistics has conducted periodic
surveys, as described above, on outcomes of college graduation. The
Recent College Graduates (RCG) surveys, which are not longitudinal, have
concentrated especially on those graduates entering the teaching profession.
Education majors are ius oversampled for the RCG. These surveys have
primarily addressed the issues of employment related to individuals' field
of study and their access to graduate or professional programs.

The survey involves a two-stage sampling procedure. First, a sample of
institutions awarding bachelor's or master's degrees is selected and stratified
by percent of education graduates, control, and type. Special emphasis is
placed on institutions granting degrees in education and on traditionally
black institutions. For each of the selected schools, a sample of degree
recipients is chosen. Included are both B.A. and M.A. degree recipients.

The survey of 1974-75 college graduates was the first and smallest of
the series. The sample consisted of 200 responding schools. Of the 5,506
graduates in that sample, 4,350 responded (79 percent). The 1981 survey
was somewhat larger, covering 301 institutions and 15,852 students. The
student response rate was 62 percent. The 1985 survey (which collected
race/ethnicity data for the first time) requested data from 18,738 students
from 404 colleges. The student response rate was an effective 70 percent,
with just under 11,000 participating. Response rates in these cycles (except
for the 1976 survey) tend not to be higher because 9f invalid mailing
addresses, reflecting the difficulty in tracing students after graduation. The
1987 study (which included transcripts for the first time) was more effective
ir locating graduates as the file contains 16,878 respondents from 400 higher
education institutions, representing an 80 percent response rate. This study
was alto the largest sample (21,957 eligible sample members) drawn from
institutions to date. The RCG may thus be biased against more mobile
graduates. Students are surveyed once, without additional follow-ups.

2 .1 5
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Questionnaire items request data including degrees and teaching cer-
tificates; continuing education; additional formal training; what job was
held as of April 27, 1987, and its relation to educational training; sub-
jects eligible/certified to teach, whether/when entered teaching; subjects
taught; marital status and number of children; and further degree plans.
The questionnaire asks whether the person taught in grades 1(42 before
completing the degree requirement. Subjects taught are phrased generally:
mathematics, computer science, biological science, and physical sciences.
Information on the graduates' incentives for choosing particular careers or
jobs is limited.

Thus, the RCG offers a general, nonlongitudinal picture of the new
graduates component of the supply pool. Its inclusion of items that may
suggest incentives and disincentives to enter teaching make it a possi-
ble source of reserve pool information. In addition to supply related to
potential teachers and potential minority teachers, a few aspects of the
q,...lification component of quality may be touched on rather indirectly,
such as grades (self-reported).

The RCG will be conducted again in 1991. Beginning in 1994, the RCG
is scheduled to be redesigned as a longitudinal study, the Baccaiaureate
and Beyond Longitudinal Study.

Contact: Martin M. Frankel
National Center for Education Statistics
555 New Jersey Avenue, N.W.
Washington, D.C. 20208
202/357-6774

THE NATIONAL ASSESSMENT OF EDUCATIONAL PROGRESS

The National Assessment of Educationf i Progress (NAEP) .s a con-
gressionally mandated study directed and funded by the National Center
for Education Statistics. The assessment is currently administered for
NCES by the Educational lbsting Service. It is referred to as The Nation's
Report Card, the National Asse:Ament of Educational Progress. Approxi-
mately 120,000 precollege students are randomly ielected for the national
assessment every two years. The overall goal is to determine the nation's
progress in educational achievement, including achievement in science and
mathematics.

lb accomplish this goal, NAEP has surveyed the educational accom-
plishments of 9-, 13-, and 17-year-old students in 11 subject areas, starting in
1969-70. NAEP first identifies counties as primary sampling units through
a stratified sampling plan. Then for each age level, public and private
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schools are selected by a stratified sampling plan. Finally, within each
school groups of students are selected to participate in NAEP.

The most recent science and mathematics assessments were in 1985-
6; the next ones are planned for 1990. Previous mathematics assessments

were in 1973, 1976, 1978, and 1982. The science assessment was previously
given in 1969-70, 1973, 1977, and 1982. By law, mathematics is now to be
assessed every two years and science every four years.

Assessments are given in fall, winter, and spring, measuring achieve-
ment and gathering information on attitudes and classroom practices as
students perceive them. The nonachievement measures (nttitudes toward
science or math, homework and grades, and home environnent) are ob-
tained through a companion background questionnaire.

NAEP Teacher Questionnaire

In 1984, NAEP began collecting data on teacher attribut,s, as reported
by teachers of the students participating in the NAEP assessments. At
grades 7 and 11, teachers are identifiable by subject (e.g., mathematics,
science). The 1986 assessment, for example, gathered information from
325 7th grade science teachers and 289 11th grade science teachers who
responded.

The teacher questionnaire asked for data on general demographic
characteristi, certification, educational preparation, and teaching experi-
ence at various grade levels. These help to illuminate aspects of teacher
qualifications. School environment indicators asked on the questionnaire
include classroom activities and practices, homework, laboratory and other
instructional resources, and autonomy. The questionnaire asks whether the
respondent would become a teacher if he or she could start over again.
Continuing education is touched on in one item, although not in detail.
There are no questions tracing the teacher's career path, salary, or other
nonteaching work. Thus, the NAEP teacher survey may provide some
quality-related information, but little on demand or supply.

In 1990, mathematics teachers in grades 4 and 8 will be surveyed.
Science teachers at grade 8 will also receive questionnaires. The Horizon
Corporation is under contract to develop the science teacher questionnaire
for 1990.

Contact: Kent Ashworth
Educational lbsting Service
Princeton, New Jersey 08541
1/800/223-0267
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Gene Owen
National Center for Education Statistics
555 New Jersey Avenue, N.W
Washington, D.C. 20208
202/357-6746

THE AMERICAN FRESHMAN

The American Freshman survey is conducted annually by the Coopera-
tive Institutional Research Program (CIRP), of the University of California
at Los Angeles (UCLA). CIRP and UCLAs Higher Education Research
Institute survey all incoming freshmen in full-time study in a sample of
colleges and universities. The data are stratified by type of college, pub-
lic or private control, and selectivity. Longitudinal follow-up studies are
conducted each summer to track students two and four years after college
entrj. Freshman surveys typically involve 300,000 students at 600 institu-
tions; follow-ups are done with random samples of 25,000 students from
each cohort.

The 40-question survey instrument solicits data on high school back-
ground, including SAT or ACT scores and grade point average, intended
major and educational goals, career plans, financial arrangements, and
attitudes. Personal data include race/ethnicity, sex, and parents' income
and occupations. Data from The American Freshman can illuminate the
beginning stage of the supply pipelinechoosing a major and a career plan.
Questionnaire data, such as SAT scores and number of honors courses taken
in high school, can be used to provide some measure of the qualifications
aspects of quality.

Contact: Alexander W. Astin
Higher Education Research Institute
University of California
Los Angeles, California 90024
213/825-4321

NATIONAL SURVEYS OF SCIENCE
AND MATHEMATICS EDUCATION

The 1977 and 1985 surveys were sponsored by the National Science
Foundation and conducted by Iris Weiss of Research Mangle Institute.
They involved a national probability sample of schools, principes, and
teachers in grades K-12. The 1985 survey covered 425 public and private
schools. From these schools a sample of 6,000 teachers was selected. The
sample was stratified by grades K-6, 7-9, and 10-12. For grades 10-12 the
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sample was also stratified by subject to avoid the oversampling of biology.
Of the teachers sampled, 2,300 were teaching at the grade 10-12 level.
Response rates were generally high; for example, the response rate from
principals was 86 percent.

Principals in schools selected for the grade 10-12 sample were asked to
check the types and number of science and mathematics courses taught by
each teacher: biology/life sciences, chemistry, physics, earth/space science,
"other mathematics/computer science." Principals also reported whether
they had difficulty hiring fully qualified teachers for vacancies, by subject.

The survey requested science and mathematics course offerings and
enrollment (by race, ethnicity, and sex), science labs and equipment, in-
structional techniques, and teacher training. Information on achievement
was not requested.

Thachers supplied in-depth information on curriculum and instruction
in a single, randomly selected class. Time spent in instruction, lab, and
amount of homework given are among the types of practices for which data
were collected.

In addition, data on the detailed educational background of each
teacher were requested. Information about advanced degrees earned, cer-
tification, and subject-matter courses taken, to compare with standards of
the NSTA and NCTM. Thacher age and teaching experience were also
included.

Most of the teacher data from the National Survey of Science and
Mathematics Education are related to aspects of quality. From the school-
level data supplied by principals, indicators of demand may be found to
some extent in the course offerings and enrollment data.

Contact: Iris Weiss or Jennifer McNeill
Research Mangle Institute
P.O. Box 12194
Research 'Mangle Park, North Carolina 27709
1/800/334-8571

STATUS OF THE AMERICAN PUBLIC SCHOOL TEACHER

National Education Association (NEA) in 1956 developed the first ofa
series of surveys covering numerous aspects of U.S. public school teachers'
professional, family, and civic lives. This survey project, titled The Status of
the American Public School 'leacher, has been cr ducted every five years
since 1956. Although the questionnaire has been revised to update items
of concern, the wording still provides comparable data on most items from
survey to survey (except for 1961, which contained some differences in the
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wording of questions). The most recent survey was conducted in 1985-86
and published by the NEA in 1987.

The sample of respondents for 1985-86 contained 1,291 usable re-
sponses (72.4 percent of the questionnaires originally mailed). Participants
were selected through a two-stage sample design: first, a sample of public
school districts was drawn, classified by pupil enrollment into nine strata.
All school districts in the sample were asked to submit a list of all their
teachers. Using that list, systematic sampling with a random start was used.
A 58-item questionnaire was then mailed, in spring 1986, to all teachers
in the sample. Questionnaire items span teaching experience, educatior.al
background, subject(s) taught, income, workload, school environment, de-
mographic and family information, and civic interests. Subject area taught
is self-reported, with the teacher filling in a blank with the main subject
taught (i.e., "science").

Items related to supply include number of breaks in service and (one)
primary reason, salaries from teaching and from additional employment,
what the person did the previous year, what he or she plans to do next
year, and how long the person plans to remain in teaching.

Items related to quality include highest college degree and recentness
of that degree; teaching and nonteaching loads; type of teaching certifi-
cate held; college credits earned in the past three years and how much of
the teacher's own money was spent for credits and other school expenses;
detailed information about professional growth activities (workshops, uni-
versity extension, college courses in education/other than Wucation, etc.);
whether the person would become a teacher if he or she started over again;
reasons for teaching; what helps/hinders the teacher most in his or her
position; and presence of teaching assistants.

Contact: Richard R. Verdugo
Research Division
National Education Association
1201 Sixteenth St., N.W.
Washington, D.C. 20036
202/822-7400
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Availability of State Data on Public School Professional Personnel

File characteristics by state

AL AK AZ AR CA CO CT DE DC FL GA

Is an automated file
maintained? yes yes yes yes yes yes yes no yes

Earliest year
available: 84 81 83 81 78 81 8

How often is the
file updated?
(daily, monthly,
annually) D A A A A A A

Data elements in
files

School, personal
employment data:
School district

code yes yes yes yes yes yes yes
School code yea yes yes yes yes yes
Social Security

number yes yes yes yes yes yes yes
Date of birth/age yes yes yes yes yes yes yes
Sex yes yes yes yes yes yes ye
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Availability of State Data on Public School Profvsional Personnel--continued

File characteristics by state

AL AK AZ AR CA CO CT DE DC FL GA

Racial/ethnic
group

Ed. level/degree
status

Acad. major
(bachelor's)

Annual contract
salary

Type of
appointment

Number of months
employed

Percentage of
time employed

Information on
assignments

yes yes yes yes yes

yes yes yes yes yes

yes yes yes

yes yes yes yes yes

yes yes

yes yes

yes yes yes yes yes

yes yes yes yes yes

yes yes

yes yes

yes yes

yes yes

yes

yes yes

yes yes

f

S

yes



Teaching experience:
Total years yes
Years in current

district yes

Years in other
district(s) yes

Years in current
assignment

For new hires:
Occupation prior

year
Location of

occupation
prior year

Other data:

Courses/levels
taught

yes yes

yes

yes

e

yes yes

yes

yes yes yea yes yes yes
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Availability of State Data on Pubiic School Professional Personnel--continued

File characteristics by state

HA ID IL IN IA KS KY LA ME MD

Is an automated
file maintained? yes yes yes yes yes yes yes yes yes yes

Earliest year
available: 74 63 62 73 80 70 87 70 85

How often is the
file updated?
(daily, monthly,
annually) D A A A A A A A A A

Data elements in
files

School, personal

cmployment data:
School district

code yes yes yes yes y es yes yes yes yes yes
School code yes yes yes yes yes yes yes yes yes yes
Social Security

number yes yes yes yes yes yes yes yes yes yes
Date of birth/age yes yes yes yes yes yes yes yes yes
Sex yes yes yes yes yes yes yes yes yes



Racial/ethnic
group yes yes yes yes yes yes yes

Ed. level/degree

status yea yes yes yes yes yes yes yes yes yes

Acad. major
(bachelor's) yes yes yes yes yes yes

Annual contract
salary yes yes yes yes yes yes yes yes yes

Type of
appointment yes

Number of months
employed yes yes yes yes yes yeS

Percentage of

time employed yes yes yes yes yes yes yes yes

Information on
assignments yes yes yes yes yes yes yes yes yes
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Availability of State Data on Public School Professional Persoielcontinued

File characteristics by state

HA ID IL IN 1.-. KS KY LA ME MD

Teaching experienc::

Totai years yes yes yes yes yes yes yes yes yes
Years in current

district yes yes yes yes yos

cr\ Years in other
district(s) yes yes yes

Ye 3rs in current
assignment yes

For new hires:
Occupation prior

year yes yes yes yes
Location of

,ccupation
..ior yeai.

Other data:

Courses/levels
taught

k

yes yes yes yes yes yes yes



Availability of State Data on Public School Professional Personnel--continued

File characteristics by state

MA MI MN MS MO MT NE NV NH NJ

Is an automated file
maintained? no yes yes yes yes yes yes yes yes yes

Earliest year
available: 61 81 82 80 86 87 77

How often is the
file updated?
(daily, monthly,
annually) A A A A A A A A A

Data elements in
files

School, personal
employment data:
School district

code

School code

Social Security
number

Date of birth/age
Sex

yes yes yes yes yes yes yes yes yes
yes yes yes yes yes yes yes yes yes

yes --- yes yes yes yes yes yes yes
yes yes yes --- --- yes yes yes yes
yes yes yes yes yes yes yes yes yes



Availability of State Data on Public School Professional Personnel--continued

File characteristics by state

MA MI MN MS MO MT NE NV NH NJ

Racial/ethnic
group

t.)
Ca Ed. level/degree
C)o

status
Acad. major

(bachelor's)
Annual contract

salary

Type of
appointment

Number of months
employed

Percentage of
time employed

Information on
assignments

yes yes yes yes yes yes

yes yes yes yes yes yes yes yes

yes yes yes yes yes yes

yes yes ycs yes yes yes yes

yes

yes yes yes yes

yes yes ya yes yes

yes yes yes yes yes yes yes yes yes



Teaching experience:
Total years
Years in current

district
Years in other

district(s)
Years in current

assignment
For new hires:

Occupation prior
year

Location of
occupation
prior year

yes yes yes yes yes yes yes

yes yes yes yes yes

yes

yes

yes yes

yes yes

yes

vD
.1.

nOther data: m o

Courses/levels
taught: yes yes yes yes yes yes yes yes yes yes
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Availability of State Data on Public School Professional Personnel--continued

File characteristics by state

NM NY NC ND OH OK OR PA RI SC

Is an automated file
maintained? yes yes yes yes yes yes yes yes yes yes

Earliest year

ts.)4.0
available:

How often is the
file updated?

87 67 78 71 70 70 70 78 81

(daily, monthly,
annually) A A A A D A A D A

Data elements in
files

School, personal
employment data:
School district

code yes yes yes yes ye3 yss yea yes ye3 yes
School code yea yes yes yes yu yes yes yes yes yes
Social Security

number yes yes yes yes yes yes yes yes yes
Date of birth/age yes yes yes yes yes yes yes yes yes
Sex yes yes yes yes yes yes yes yes yes yes



Racial/ethnic
group y.st. yes yes yes yes yes yes

Ed. level/degree
status yes yes yes yes yeb yes yes yes yes yes

Acad. major
(bachelor's) yes yes yes y es

Annual contract
salary yes yes yes yes yes yes yes yes yes

Type of
appointment yes

Number of months
employed yes yes yes yes yes yei

Percentage of
1..)A-,

time employed
Information on

yes yes yes yes yes yes yes yes

assignments yes yes yes yes yes yes yes yes yes yes
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Availability of State Data on Public Schnol Professional Personnel--continued

File characteristics by state

NM NY NC ND OH OK OR PA RI SC

Teaching experience:
Total years yes yes yes yes yes yes yes yes yes
Years in current

district yes yes yes yes yes yes yest.)
A Years in othert.)

district(s) yes yes yes yes yestA yes
Years in current

assignment yes yes

For new hires:
Occupation prior

year yes a yes
Location of

occupation
prior year yes yes

Other data: 2 r s t a v w x

41 ..." rlCourses/levels kr t 3 0
taught: yes yes yes yes yes yes yes yes yes



Availability of State Data on Public School Professional Personnel--continued

File characteristics by state

SD TN TX UT VT VA WA WV WI WY

Is an automated file
maintained? yes yes yes yes yes yes yes yes yes yes

Earliest year
available: 82 81 74 82 81 76 75 87

How often is the
file updated?

ts.)
.P.
cr.)

(daily, monthly,
annually)

Data elements in
files

A D D D A A A A

School, personal
employment data:
School district

code yes yes yes yes yes yes yes yes yes yes

School code yes yes yes yes yes yes yes yes yes

Social Security
number yes yes yes yes yes yes yes yes yes yes

Date of birth/age yes --- yes yes yes yes yes yes yes yes

Sex yes yes yes yes yes yes yes yes yes yes



Availability of State Data on Public School Professional Personnel--continued

File characteristics by state

SD TN TX UT : T VA WA WV WI WY

Racial/ethnic
group yes yes yes yes yes yes yes

Ed. level/degree
status yes yes yes yes yes yes yes yes yes yes

Acad. major
(bachelor's) yes yes yes yes yes

Annual contract
salary yes yes yes yes yes yes yee yes yes

Type of
appointment yes yes

Number of months
employed yes yes yes yes yes yes yes yes yes

Percentage of
time employed yes yes yes yes yes yes yes yes yes yes

Information on
assignments yes yes yes yee yes yes yes yes



Teaching experience:
Total years yes yes yes yes yes yes yes yes yes
Years in current

district yes yes yes yes
Years in other

district(s) yes yes
Years in current

assignment

For new hires:
Occupation

prior year
Location of

occupation
pricr year

yes

yes

NA
LA Other data: E aa bb dd

Courses/levels
taught: yes yes yes yes yes yes yes



Availability of State Data on Public School Professional Personnel--continued

File characteristics by state

AS GM NM PR

Is an automated
file maintained? yes yes yes no

Earliest year
ts.) available: 85 82
.P..
0. How often is the

file updated?
(daily, monthly,
annually) A ee

Data elements
in files

School, personal
employment data:
School district

code yes
School code yes yes
Social Security

number yes yes yes
Date of birth/age yes yes yes
Sex yes yes yes



Racial/ethnic
group yes yes yes

Ed. level/degree
status yes yes yes

Acad. major
(bachelor's) yes yes yes

Annual contract
salary yes

Type of
appointment yes yes yes

Number of months
employed yes yes

Percentage of
tv
.1=.
-..)

time employed yes
Information on

assignments yes



Availability of State Data on Public School Professional Personnelcontinued

File characteristics by state

AS GM NM PR

Teaching experience:
Total years yes yes
Years in current

district yes yes yestv
.4.
Co Yew" in other

district(s) yes
Years in current

assignment yes yes

For new hires:
Occupation prior

year yes yes

Location of
occupation
prior year yes

Other data: ff

Courser/levels
taught:

1-) ... c 1



AS

GM

NM

PR
a.

b.

C.

d.

t.
f.

S.
h.

i
t.)
.P. i.v,

k.

1..

m.

a.
9...

n.

a.

- American Samoa
- Guam
- Northern Marianas
- Puerto Rico

Optional, at individual's discretion.
Types and subjects of certification.
Number of years in state public schools.
Also, administrative experience.
Bimonthly.
Monthly contract salary; monthly state minimum salary.
Certificate type.
Professional code.
Years of training; semester-hours training.
Years in private education; reason for leaving, last course data (in service, etc.).
Certification status/type/subject; state of residence; separation date/cause.
Name of college/university; type of certificate.
College code; source of funding; certification status.
Certification status.
Reason for leaving.
Teaching half/full day; certification status.
"Experience status"--notes whether first-year teacher, employed in system last year, or returned
to teaching after absence from public education, etc.
Certification area(s); NTE score; college graduated from.



S.

t.
U.

X.

w.

X-

I.
aa.
bb

.S.S.

dd.

.t.t.

ff.

College graduated from and year; certification information.
Years in military.

Years in/outside Oregon; extra duty assignments; reasons for leaving district.
Certification areas.
Certification areas.
Age optional; certification status.
T ..test 5-year employment history.
Years taught in VA; type of certificate; courses endorsed 'o teach.
%. hether new, reentering or transferring; past employment experience.
As needed, but at least every 5 years.
Hours required to renew certificate; endorsement areas; validity period of certificate.
Updated by semester.

Cer.ification information; other courses required, completed.

2 ri 1



Appendix D
Acronyms

American Association of Colleges for 'Machu Education (AACTE)
Center f( r Policy Research in Education (CPRE)
Education Commission of the States (ECS)
Educational 'Thsting Service (ETS)
International Association for the Evaluation of Educational Achievement

(IEA)
International Educational Assessment probram (IEA)
Local education agency (LEA)
Massachusetts Institute for Social and Ec-momic Research (MISER)
Mathematical Association of Amer: (MAA)
Mathematical Scien:es EducatiGn Buard (MSEB) of tit,: National

Research Council
National Assessment of Educat'onaI Progress (NAEP)
National Association of State DL ..:,tors of Racher Education and

Certification (NASDTEC)
National Center for Education Statistics (NCES)
National Council of Thachers of Mathernat'^ (NCTM)
National Education Association (NEA)
National Education Longitudinal Study of 1988 (NELS:88)
National Governors' Association (NGA)
National Longitudinal Survey (NLS)
National Research Council (NRC)
National Science Foundation (NSF)
National Science Thachers Association (NSTA)
National Thacher Examination (NTE)
Northeast Thacher Supply and Demand (NETSAD) study
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Recent Co 11,3ge Graduates (RCG) Surveys
Schools and Staffing Survey (SASS)
State education agency (SEA)
Western Interstate Commission for Higher Education (WICHE)



Appendix E
Biographical Sketches

WILMER S. CODY is state superintendent of education for Louisiana, re-
sponsible for elementary and secondary education, postsecondary vocational-
technical schools, and state schools for handicapped youth. Previous as-
signments include teacher, principal, and three local school system super-
intendencies: Chapel Hill, North Carolina; Birmingham, Alabama; and
Montgomery County, Maryland. Additional assignments include the plan-
ning and establishment of the National Institute of Education and planning
a state-by-state comparison of student achievement for the Council of
Chief State School Officers. For four years he chaired the Assessment
Policy Committee of the National Assessment of Educational Progress. He
received an A.B. from Harvard College in social relations, En Ed.M. degree
in teaching, and an Ed.D. degree in school administration from the Harvard
Graduate School of Education.

GLENN A. CROSBY is professor of chemistry and chemical physics at
Washington State University. A member of several national committees
concerned with the status of education in the United States, he also serves
as a consultant to the American Chemical Society Committee on Education.
He has been honore both locally and nationally as a teacher and educator.
He is a recipient of the faculty excellence award at his home institution and
four national awards in chemical education. Internationally recognized for
his research contributions in the field of photophysics and photochemistry
of transition-metal complexes, he has lectured widely in the United States,
Germany, New Zealand, Australia, and Japan. He received a B.S. in
chemistry and mathematics from Waynesburg College and a Ph.D. from
the University of Wa hington. He was a postdoctoral fellow at Florida State
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University, a Fulbright fellow (1964) and a Humboldt awardee (1978-79) in
West Germany.

E JOE CROSSWHITE is professor of mathematics and education at North-
ern Arizona University and professor emeritus of mathematics education
at the Ohio State University. He has served as president of the National
Council of 'leachers of Mathematics, as chairman of the Conference Board
of the Mathematical Sciences, and as a member of the Mathematical Sci-
ences Education Board. His principal fields of interest are mathematics
teacher education and school mathematics curricula. He received a Ph.D.
in mathematics education from the Ohio State University.

HARRIET FISHLOW is coordinator of undergraduate enrollment plan-
ning in the University of California's university-wide administration. She
is the developer of the University of California's undergraduate enroll-
ment potential projection model and serves on the Thacher Supply and
Demand Steering Committee of the California Commission on Teacher
Credentialing. She received a B.S. degree in education from the Univer-
sity of Pennsylvania and M.A. and Ph.D. degrees in demography from the
University of California, Berkeley.

DOROTHY M. GILFORD served as study director of the panel's work.
Formerly, she served as director of the National Center for Education
Statistics and as director of the mathematical sciences division of the Office
of Naval Research; currently she is director of the National Research
Council's Board on International Comparative Studies in Education. Her
interests are in reseach program administration, organization of statistical
systems, education administration, education statistics, and human resource
statistics. A fellow of the American Statistical Association, she has served as
vice president of the association and chairman of its committee on fellows.
She is a member of the International Statistics Institute. She received B.S.
and M.S. degrees in mathematics from the University of Washington.

E THOMAS JUSTER (Chair) is a research scientist at the Institute for
Social Research and professor of economics at the University of Michigan.
He is currently a senior adviser for the Brookings Panel on Economic
Activity and chair of the American Economic Association Committee on
the Quality of Economic Statistics. He is a fellow of the American Statistical
Association. He received a B.S. degree from Rutgers University and a Ph.D.
degree in economics from Columbia University.

CHARLOTTE V. KUH is executive director of the Graduate Record Ex-
aminations Program at the Educational Thsting Service. A labor economist,
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she has held teaching positions at the Harvard Graduate School of Educa-
tion and at Stanford University. She also spent eight years as a manager
at AT&T She received a B.A. from Radcliffe College and a Ph.D. in
economics from Yale University. As a researcher, she specializes in the
economics of higher education and on forecasting demand and supply for
highly trained personnel, especially those in science and engineering. In her
current position, she is interested in the appropriate use of standardized
tests in graduate admissions, in ways to increase minority participation in
graduate education, and in the challenges graduate education will face in
the 1990s.

EUGENE P. MCLOONE is professor of education in the Department of
Education Policy, Planning, and Administration of the College of Educa-
tion at the University of Maryland. He also is an associate professor of
economics at the university. His research interests are in school finance,
teacher retirement systems, education statistics, and information systems
for educational policy making. He directed a congressionally mandated
study for the National Center for Education Statistics and was associate
director of research for the National Education Association. He received
a Ph.D. in educational administration from the University of Illinois, with
subspecialties in public finance and mathematical statistics.

MICHAEL MCPHERSON is professor and chairman of the Economics
Department at Williams College. He has served as senior fellow at the
Brookings Institution and as a member of the Institute for Advanced
Study. McPherson is coeditor of the journal Economics and Philosophy and
a contributing editor of Change magazine. He writes on ethics and on the
economics of higher education. He received A.B., A.M., and Ph.D. degrees
from the University of Chicago.

RICHARD J. MURNANE is professor of education at the Graduate
School of Education, Harvard University. He recently chaired the National
Research Council's Committee on Indicators of Precollege Science and
Mathematics Education and coedited (with Senta Raizen) the Committee's
report entitled Improving Indicators of the Quality of Science and IpIathe-
matics Education in Grades K-12. His recent research has concerned the
operation of teacher labor markets and the connections between education
and the productivity of the work force.

INGRAM OLKIN is professor of statistics and education at Stanford
University, where he has served on the faculty since 1961. He received
undergraduate training at the City College of New York, a master's degree
in mathematical statistics from Columbia University, and a doctorate degree
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in mathematical statistics from the University of North Carolina. He is a
fellow of the Institute of Mathematical Statistics, the American Statistical
Association, the Royal Statistical Society, and the International Statistical
Institute. His research interests are in multivariate analysis and models in
the behavioral, social, and educational sciences. He has served as president
of the Institute of Mathematical Statistics, has served on editorial boards
for numerous journals, and has served on many government panels.

JOHN J. STIGLMEIER is director of the Information Center on Education
in the New York State Education Department. In that position, he is
responsible for the development of educational information systems as well
as the analysis, interpretation, and dissemination of data relating to the
state's educational enterprise. He participates actively in the Council of
Chief State School Officers' Committee on Evaluation and Information
Systems. Recently, he conducted a month-long seminar on educational
statistics in the People's Republic of China. He received a B.S. in biology
from Siena College, an M.S. in reading education from the State University
of New York, Albany, and a Ph.D. in educational psychology from Forham
University.

ELLEN TENENBAUM, a public policy and survey research analyst, served
as consultant to the panel. Her work at the National Research Council
since 1981 has spanned studies concerning education and minerals statistics
and energy and natural resources policy. She has a master's degree in
public policy from the University of California at Berkeley.

2C7



M
NA E

NATIONAL ACADEMY PRESS
The National Academy Press was created by the Notional Academy of
Sciences to publish the reports issued by the Academy and by the
National Academy of Engineering, the Institute of Medicine, and the
National Research Council, all operating under the charter granted to
the National Academy of Sciences by the Congress of the United States.

218
ISBN 0-309-04197-X


